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Abstract
Characterization of Somatosensory Processing in Relation to Schizotypal Traits in a Sample of
Nonclinical Young Adults
By
Maureen P. Daly, M.A., M.Phil.
Advisor: Deborah J. Walder, Ph.D.

A core feature of schizophrenia spectrum disorders (SSDs) is a basic sensory (e.g., visual,
auditory) processing disruption, yet few studies have examined somatosensation. The current
dissertation project examined somatosensory processes among individuals at varying degrees of
psychometric risk for psychosis using tactile texture and spatial discrimination and letter
recognition tasks. Differential patterns of associations of somatosensory abilities with
schizotypal trait dimensions (positive, negative, disorganized), independent of anxiety and
depressive symptoms, and the relative contributions of bottom-up (peripheral and morphologic
features) versus top-down (error types) processing were examined. It was hypothesized that: 1)
performance on somatosensory tasks would account for significant variability in total schizotypal
traits; 2) somatosensory performances would be differentially associated with schizotypal trait
dimensions, and somatosensory performances would account for variability in schizotypal traits
beyond mood symptoms; and, 3) central and peripheral mechanisms may contribute to
somatosensory performance, but they were not expected to fully account for the associations
between basic somatosensory processing and schizotypal traits. Participants were 125 (37
Male/88 Female) young adults (Mage = 20.55, SD = 3.27) recruited from the City University of
New York human subjects pool. Participants were asked to complete somatosensory tasks and
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mood and personality self-report measures. Fingerprints were obtained to assess morphologic
features. Anxiety and depressive symptoms were included as covariates, as they accounted for a
significant proportion of variability schizotypal traits. Contrary to hypotheses, after accounting
for the relative contributions of mood symptoms, better spatial discrimination and rough texture
discrimination abilities were associated with more disorganized and negative schizotypal traits,
respectively, at the trend level. Exploratory analyses demonstrated some differential
contributions of dermatoglyphic features and letter recognition confusion errors in accounting for
variability in schizotypal traits. Specifically, more isomorphic errors were significantly
associated with fewer negative (and total) schizotypal traits, and, at trend level, more minutiae
were associated with more positive schizotypal traits. Findings are discussed in the context of
theories regarding neural substrates of somatosensory processing disruptions in SSDs.
Implications for understanding SSD etiology and using somatosensory measures as possible
indicators of risk for psychosis are posited.

vi
Acknowledgments
I would like to thank Dr. Deborah Walder for her mentorship, enthusiasm, and trust. I
would also like to thank my friends and family. Their patience, encouragement, and love have
truly fueled me over the years, and I could not have done this without them. I would especially
like to thank my soon-to-be husband, Dr. Daniel Belyusar, for both challenging and supporting
me. His doubtlessness helped give me the confidence to persevere. Needless to say, I have
learned more than I ever imagined, and this is just the beginning.

vii
TABLE OF CONTENTS
Chapter
I.

Page

INTRODUCTION

1

Schizotypy as a Framework for Examining Indicators of Risk for Schizophrenia

3

Spectrum Disorders
Sensory Processing Dysfunction in the Etiology of Schizophrenia Spectrum

10

Disorders
Somatosensory Processing as a Distal Indicator of Neurodevelopment and

16

Schizophrenia Risk

II.

Neural Mechanisms of Touch and Schizophrenia Spectrum Disorders

18

Conclusion

26

Specific Aims and Hypotheses

30

METHOD

33

Participants

33

Materials

35

Somatosensory Tasks

35

Texture Discrimination Task (TDT)

36

Spatial Discrimination Task (SDT)

37

Letter Recognition Task (LRT)

37

Symptoms

38

Schizotypal Personality Questionnaire (SPQ)

38

Depression Anxiety Stress Scales (DASS)

39

Dermatoglyphic Features

40

Total Finger Ridge Count (TFRC)

40

Pattern Intensity (PI)

40

Ends to Junctions Ratio (REJ)

40

Minutiae Intensity (MI)

40

Ridge-Groove Width Ratio (RG)

40

Confusion Errors

40

Validity and Effort Measures

41

viii

III.

Chapman Infrequency Scale (CIS)

41

Intrinsic Motivation Inventory (IMI)

41

Procedure

41

Statistical Analyses

42

RESULTS

45

Assessment of Validity, Reliability, and Motivation Measures

45

Assessment for Normality

45

Examination of Outliers

46

Examination of Age as a Covariate

46

Relations Among Somatosensory Tasks

46

Relations of Somatosensory Measures with Schizotypal Traits

47

Determining Covariance and Relative Contributions of Mood Symptoms

49

Total Schizotypal Traits

49

Positive Schizotypal Traits

50

Negative Schizotypal Traits

50

Disorganized Schizotypal Traits

50

Determining Covariance of Dermatoglyphic Features and Confusion Errors with

53

Somatosensory Predictors
Summary of Statistical Predictors of Schizotypal Traits: Dermatoglyphic

55

Features, Confusion Errors, Mood Symptoms and Somatosensory Tasks

IV.

Total Schizotypal Traits

55

Positive Schizotypal Traits

55

Negative Schizotypal Traits

56

Disorganized Schizotypal Traits

56

DISCUSSION

60

The Current Study Sample

60

Present Findings

62

Summary

62

Associations Among Tactile Somatosensory Abilities and Relative

63

Contributions to Schizotypal Traits
Differential Associations of Somatosensory Abilities with Schizotypal

66

ix
Trait Dimensions, Independent of Mood Symptoms
Relative Contributions of Bottom-Up and Top-Down Mechanisms

69

Study Implications

72

Study Limitations

74

Future Directions

76

Conclusion

79

APPENDICES

80

REFERENCES

97

x
LIST OF ABBREVIATIONS
GENERAL TERMS
ASD: Autism Spectrum Disorder
CP: Cerebral Palsy
CUNY: City University of New York
MMN: Mismatch negativity
NDD: Neurodevelopmental Disorder
NMDA: N-methyl-D-aspartate
PC: Pacinian Corpuscles (i.e., deep rapidly adapting mechanoreceptors)
RA: Rapidly Adapting mechanoreceptors (i.e., Meissner’s corpuscles)
SA1: Slowly Adapting Type 1 mechanoreceptors (i.e., Merkel disk receptors)
SA2: Slowly Adapting Type 2 mechanoreceptors
SI: Primary Somatosensory Cortex
SII: Secondary Somatosensory Cortex
SMA: Supplementary Motor Area
SPD: Schizotypal Personality Disorder
SSD: Schizophrenia Spectrum Disorder
SPL: Superior Parietal Lobule
SOMATOSENSORY TASKS
TDT-R: Texture Discrimination Threshold – Rough staircase
TDT-S: Texture Discrimination Threshold – Smooth staircase
SDT: Spatial Discrimination Threshold
SYMPTOMS

xi
SPQ: Schizotypal Personality Questionnaire
SPQ-CP: Schizotypal Personality Questionnaire – Cognitive-Perceptual factor
SPQ-I: Schizotypal Personality Questionnaire – Interpersonal factor
SPQ-D: Schizotypal Personality Questionnaire – Disorganized factor
DASS: Depression Anxiety Stress Scales
DASS-A: Depression Anxiety Stress Scales – Anxiety symptoms subscale
DASS-D: Depression Anxiety Stress Scales – Depressive symptoms subscale
DERMATOGLYPHIC FEATURES
TFRC: Total Finger Ridge Count
PI: Pattern Intensity
REJ: Ends to Junctions Ratio
MI: Minutiae Intensity
RG: Ridge-groove width ratio
VALIDITY AND EFFORT MEASURES
CIS: Chapman Infrequency Scale
IMI: Intrinsic Motivation Inventory

	
  

xii	
  
LIST OF TABLES

Table

Page

Table 1. Demographic Characteristics

34

Table 2. Mean Scores (Standard Deviation) for the SPQ Subscale and Factors, and

34

Mood Symptoms
Table 3. Associations Among Somatosensory Measures, r(p)

47

Table 4. Regression Analyses Examining the Relative Contributions of Somatosensory

48

Task Performance to Schizotypal Traits
Table 5. Associations Among Schizotypy Factors and Mood Symptoms

51

Table 6. Regression Analyses Examining the Relative Contributions of Mood and

52

Somatosensory Task Performance to Schizotypal Traits
Table 7. Associations Among Somatosensory Measures and Dermatoglyphic Features,

54

r(p)
Table 8. Associations Among Somatosensory Measures and Confusion Errors, r (p)

54

Table 9. Regression Analyses Examining the Relative Contributions of Dermatoglyphic

58

Features and Confusion Errors, Mood symptoms, and Somatosensory Task
Performance to Schizotypal Traits

	
  

xiii	
  
LIST OF FIGURES

Figure
Figure 1. Mean Schizotypal Personality Questionnaire (SPQ) subscale scores with error
bars representing ± 2 standard errors from the mean.

Page
35

1
CHAPTER I
INTRODUCTION
Schizophrenia is conceptualized as a heterogeneous, persistent mental illness of a
neurodevelopmental origin (Walker, Kestler, Bollini, & Hochman, 2004; Weinberger, 1987).
Disruptions of typical development of brain circuitry, structure and function, and the subsequent
behavioral expression may fit a dimensional model (Meehl, 1962, 1990). Accordingly, and in
line with a diathesis-stress model (Rosenthal, 1970; Walker & Diforio, 1997), a predisposition
(diathesis) together with additional risk factors (stress) incurred may result in schizophrenia
spectrum disorders (SSDs; Meehl, 1972). More specifically, constitutional risk factors may be
inherited and/or acquired, and when coupled with stress and disruptions in typical
neuromaturational processes, increase the likelihood of developing a SSD (Walker et al., 2004).
Acquired constitutional factors may include obstetrical complications (Cannon et al., 2000),
maternal influenza (Murray, Jones, O’Callaghan, & Takei, 1992), birth during the winter months
(Torrey, Miller, Rawlings, & Yolken, 1997), maternal stress (Koenig, 2006; Welberg & Seckl,
2001), and postnatal brain insults (AbdelMalik, Husted, Chow, & Bassett, 2003). Individuals
who incur congenital vulnerability as a result of constitutional factors may never manifest
clinical symptoms, while others will progress into illness. That is, the schizophrenia continuum
encompasses schizotypic deviance (e.g., nonclinical schizotypal trait expression, psychometric
at-risk), other related psychotic disorders (e.g., bipolar with psychotic features), clinical at-risk
(i.e., schizophrenia prodrome), schizotypal personality disorder (SPD), and schizophrenia.
Examination of neural processes and behavior in individuals across the continuum has
great potential towards elucidating the pathophysiology and etiology of schizophrenia.
Moreover, the identification of behavioral measures that are differentially associated with
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attenuated core features of schizophrenia (e.g., clinical symptoms, cognitive deficits) among
nonclinical and psychometric high-risk individuals may increase sensitivity in predicting risk for
conversion. This line of research is consistent with several objectives put forward by the
National Institutes of Mental Health (www.nimh.org) in their Strategic Plan, namely to “promote
discovery in the brain and behavioral sciences to fuel research on the causes of mental disorders”
and to “chart mental illness trajectories to determine when, where and how to intervene.” The
following research proposal provides a justification for greater investigation of sensory and
cognitive processing as biomarkers of illness risk to assist in diagnostic specificity. The
identification of individuals at-risk for schizophrenia spectrum disorders using non-invasive,
inexpensive behaviorally-based measures with well-characterized neural substrates would
provide a more objective clinical tool beyond individuals’ self-report of symptoms and clinical
interviews, as well as bypass potential cultural issues inherent in existing clinical/behavioral
measures. From a neurodevelopmental perspective, disruptions in basic somatosensory
processing may also contribute to a better understanding of the pathogenesis of more complex
cognitive and psychosocial disruptions evident in SSDs. In sum, disruptions in basic
somatosensory processes may serve as one among many (non-specific) bio-markers of risk with
the potential to assist in the early identification of individuals at-risk, with implications for
treatment and prevention approaches.
The following review will first outline the rationale for examining the risk factors for
SSDs across the continuum of clinical presentation. Second, the review will outline growing
evidence of sensory processing abnormalities as a domain of importance in the pathophysiology
of schizophrenia (Javitt, 2009a), beyond the cardinal symptoms and neurocognitive impairment
(Green, 2006) that characterize the illness to date. Third, the review will present the
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neurodevelopmental origins and clinical implications of somatosensory processing disruptions.
Finally, the review will detail the neural mechanisms of touch in the context of levels of
somatosensory processing and risk for SSDs.
Schizotypy as a Framework for Examining Indicators of Risk for Schizophrenia Spectrum
Disorders
Schizotypy is a personality organization that is thought to reflect a latent liability for
schizophrenia and can manifest as a behavioral and/or psychological phenotype of schizophrenia
with variable degrees of clinical compensation (Lenzenweger, 2006). The psychological and
behavioral manifestations may include attenuated psychotic-like symptoms, such as subtle
thought disorder, excessive social anxiety, unusual perceptual experiences, odd speech, and no
close friends. Such manifestations may be relatively subtle and minimally impact functioning,
but may be detectable on laboratory measures posited to be schizophrenia endophenotypes (e.g.,
eye-tracking dysfunction, sustained attention deficits, psychomotor impairment, abnormal
electrophysiological response components). The schizotypal organization may be expressed by
an individual who is highly compensated (e.g., minimal symptoms and impairment of
functioning), has intermittent and/or variable failures in compensation, or may meet diagnostic
criteria for schizophrenia; thus, the expression of a schizotypal personality organization ranges
clinically from relatively typical behavioral and/or psychological expression and functioning to
psychosis, yet the schizophrenia diathesis is shared (Lenzenweger, 2006; Meehl, 1962, 1990).
The dimensional model of schizophrenia is reflected in the extension of the core factor
structure of positive, negative, and disorganized symptom dimensions of schizophrenia (e.g.,
Toomey, Faraone, Simpson, & Tsuang, 1998). For example, both schizotypal personality
disorder (SPD; Raine, 2006) and schizotypy present with attenuated forms of acute psychotic
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symptoms, disruptions and impairments in functioning that otherwise characterize schizophrenia
(Meehl, 1962, 1990). The factor structure of the symptom dimensions also extends to the general
population (Claridge et al., 1996; Raine et al., 1994), healthy student populations (Gruzelier,
Burgess, Stygall, Irving, & Raine, 1995), and across cultures (Chen, Hsiao, & Lin, 1997;
Reynolds, Raine, Mellingen, Venables, & Mednick, 2000), gender, religious affiliation, family
adversity, and psychopathology (Reynolds et al., 2000). Positive symptoms involve impaired
reality testing, hallucinations, and delusions; they are most responsive to antipsychotic
medications and are related to hyperactivity of dopaminergic mesolimbic pathways (Keshavan,
Tandon, Boutros, & Nasrallah, 2008; Tandon, Nasrallah, & Keshavan, 2009). Negative
symptoms may be primary to the etiology of schizophrenia and/or secondary to other features of
the illness and involve affective flattening and impairments in affective experiences, are less
responsive to neuroleptic treatments, and are less well understood in terms of pathophysiology
(Tandon et al., 2009). Disorganized symptoms involve formal thought disorder (e.g., loose
associations, word salad) and disorganized behaviors (e.g., inappropriate attire, incongruous
affect; Tandon et al., 2009). The three factor dimensions of SPD also include positive (e.g.,
magical thinking, unusual perceptual experiences, ideas of reference, paranoid ideation),
negative (e.g., no close friends, constricted affect, undue social anxiety, paranoid ideation), and
disorganized (e.g., odd or eccentric behavior, odd speech) symptoms in attenuated form (Raine,
2006). At present, identification of clinical risk for psychosis is largely based on the positive
symptom dimension, as negative symptoms may seem nonspecific in isolation (e.g., anhedonia in
depression; Yung & McGorry, 1996). However, negative symptoms are specifically related to
conversion and genetic vulnerability to schizophrenia, associated with neurocognitive deficits
and may be primary to the etiology of schizophrenia (Foussias & Remington, 2010).
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In line with a neurodevelopmental model, and because illness onset is typically not until
late adolescence or early adulthood (Rapoport, Addington, Frangou, & Psych, 2005), research
has increasingly used methodological approaches that enable examination of risk factors that
predate acute psychosis (and the relations among them) towards illuminating underlying
etiological factors. These approaches include prospective examination of offspring of
schizophrenia patients, identification of probands with multiple first-degree relatives with
schizophrenia, examination of clinical high-risk or prodromal samples, genetic high-risk
samples, psychometrically at-risk samples, and retrospective studies of schizophrenia patients.
More recently, the associations among risk factors in healthy, nonclinical samples have been
examined.
Although the prevalence rate of schizophrenia is relatively low, with recent lifetime
prevalence estimates as low as 0.4% (Saha, Chant, Welham, & McGrath, 2005) and up to 0.87%
(Perälä et al., 2007), the worldwide prevalence rate of at least one psychotic symptom ranges
from 0.8% to 31.4% and greater symptom endorsement is linearly related to poorer health status
(assessed via a composite measure of vision, mobility, self-care, cognition, interpersonal
activities, pain/discomfort, sleep/energy, and affect; Nuevo et al., 2010). More specifically,
subclinical psychotic symptoms (prevalence around 4%) and subclinical psychotic experiences
(less frequent and severe than symptoms; prevalence around 8%), have been associated with
distress and help-seeking behavior, but do not typically meet clinical criteria for a psychotic
disorder (van Os, Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009). Individuals may
report experiencing the precursors to delusions, hallucinations, and thought disorder in the form
of unusual thought content (e.g., predicting the future from dreams), perceptual abnormalities
(e.g., seeing colors differently or shadows in their periphery), and disorganized speech (e.g.,
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using unusual phrases and odd words). Several demographic variables (e.g., male, migrant,
ethnic minority, unemployed, unmarried, and less educated), as well as cannabis, alcohol or other
psychoactive drug exposure, stressful or traumatic experiences, and urbanicity, are associated
with greater prevalence of subclinical psychosis. Consistent with the aforementioned diathesisstress model, the more recently posited psychosis proneness–persistence–impairment model also
suggests that subclinical psychotic experiences may become abnormally persistent and clinically
relevant with exposure to additional environmental risk factors (van Os et al., 2009).
Furthermore, factors associated with increased risk for subclinical psychotic experiences are
shared with risk factors for clinical psychotic disorders, extending support for a model of
etiological continuity between subclinical and clinical psychosis (van Os et al., 2009). These
findings highlight the importance of assessing subclinical psychotic experiences in relation to
other known risk factors to improve outcomes across the schizophrenia continuum.
Disruptions in basic sensory processing in schizophrenia predict disruptions in higher
order sensory processes (Doniger, Foxe, Murray, Higgins, & Javitt, 2002; Leitman et al., 2007)
that contribute to more complex functions, such as emotion processing (Butler et al., 2009),
social cognition (Wynn, Sugar, Horan, Kern, & Green, 2010), premorbid functioning (Friedman,
Sehatpour, Dias, Perrin, & Javitt, 2011), and functional outcomes (Brekke, Kay, Lee, & Green,
2005). Thus, higher order processing and functioning deficits seen in schizophrenia may, at least
in part, be secondary to basic sensory processing disruptions. Together, this has implications for
detection of individuals at-risk for psychosis and development of methods of preventive
intervention.
There are inconsistent, although not mutually exclusive theories regarding the neural
underpinnings of somatosensory deficits in SSDs. Some researchers posit a model of early
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sensory processing disruptions in schizophrenia (Adcock et al., 2009) that reflects
pathophysiological substrates such as NMDA-receptor dysfunction (Javitt, Steinschneider,
Schroeder, & Arezzo, 1996), which has been associated with clinical presentation (Stone,
Morrison, & Pilowsky, 2007). Clinical features associated with sensory processing, such as
negative, disorganized, and cognitive symptoms (Javitt, 2009b; Kantrowitz & Javitt, 2010) are of
particular interest (given the specificity of these features with SSDs and subsequent illness
chronicity; Demjaha, Valmaggia, Stahl, Byrne, & McGuire, 2012) and may extend to nonclinical
samples (Bates, 2005). Sensory processing deficits in SSDs are most extensively characterized in
auditory and visual domains (Javitt, 2009a) and increasingly olfaction (Turetsky, Hahn,
Borgmann-Winter, & Moberg, 2009), implicating what some researchers refer to as panmodal
processing imprecision among schizophrenia patients (Javitt, Liederman, Cienfuegos, & Shelley,
1999). That is, generalized sensory processing disruptions among SSDs reflect shared neural
substrates and should be evident across modalities. However, few studies have examined
somatosensation. The limited studies implicate disruptions in basic somatosensory processing in
psychosis risk (Chang & Lenzenweger, 2001, 2004, 2005; Lenzenweger, 2000) and
schizophrenia (Javitt, Liederman, Cienfuegos, & Shelley, 1999) that may be specific to a
schizophrenia diathesis (i.e., as opposed to bipolar disorder; Chang & Lenzenweger, 2005).
In contrast to the glutamate hypothesis, other researchers posit subtle anterior parietal
involvement in sensory processing (specifically, somatosensory) disruptions, independent of
higher-order processes (Chang & Lenzenweger, 2001) that are more strongly associated with
positive (than negative and disorganized) schizotypal traits among at-risk samples (Chang &
Lenzenweger, 2004, 2005). However, methodologies employed have failed to elucidate the
precise nature of these deficits, and they did not assess whether somatosensory processing
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disruptions might be better explained by a model of panmodal processing imprecision. Better
characterization of somatosensory functions in SSDs is of particular interest from a
neurodevelopmental perspective for several reasons. First, the somatosensory system is one of
the earliest sensory systems to develop (Montagu, 1986) and thus holds potential to capture early
neurodevelopmental disruptions prior to impact on subsequent sensory (and other aspects of)
development. Second, somatosensory input contributes to the proper development of other key
sensory processes in essential ways (Koziol, Budding, & Chidekel, 2011); thus, disruptions in
primary somatosensory functions may alter the integrity of other sensory development. Third,
somatosensory impairments are associated with deficits in higher order processes across several
neurodevelopmental disorders (NDDs), such as Autism Spectrum disorders, Cerebral Palsy,
Fragile X Syndrome, and Rett Syndrome (Cascio, 2011), which suggest a role of somatosensory
dysfunctions in such disorders and disruptions in their underlying neural substrates in disorder
etiology. To date, we are not aware of any studies examining the association between primary
somatosensory and higher order processes in SSDs. Finally, the literature lacks studies
examining the relative contribution of peripheral mechanisms that guide sensory input (e.g.,
morphology of dermatoglyphics) versus central mechanisms (e.g., somatosensory and parietal
cortices) to somatosensory dysfunction in schizotypy, and their association with schizotypal
traits.
The overarching goal of the proposed study is to fill an important gap in the literature
regarding the role of primary somatosensory processing deficits in risk for psychosis. The aim is
to extend prior research demonstrating associations of impaired basic somatosensory processing
with schizotypal traits among nonclinical undergraduates, including those at psychometric risk
for psychosis (Lenzenweger, 2000). More specifically, this study will utilize a more
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comprehensive hierarchy of somatosensory tasks (compared to measures used in prior studies)
towards dissociating primary somatosensory (SI) involvement from secondary somatosensory
(SII) and posterior parietal involvement in psychosis risk, while accounting for the role of
peripheral and central contributions. The hierarchy of tasks of varying cognitive demand will
elucidate how somatosensory deficits vary as a function of increasing complexity, with
implications for understanding the role of corresponding neural substrates in SSD etiology.
The specific aims are as follows: First, at the SI level, texture and spatial discrimination
tasks will clarify the degree to which performance is independent of deep and superficial
mechanoreceptor integrity (Bensmaia & Hollins, 2003; Phillips, Johansson, & Johnson, 1992).
Second, at the SII level, a letter recognition task will explore the integrity of somatosensory form
representations, as impairments in other sensory modalities are associated with negative and
disorganized schizotypal traits among nonclinical samples (Bates, 2005). Third, fingerprint
features (i.e., dermatoglyphics) will be assessed to account for potential peripheral contributions
to somatosensory processing (Loesch & Martin, 1984), and as putative indicators of
neurodevelopmental deviance found among individuals with schizophrenia (Avila, Sherr,
Valentine, Blaxton, & Thaker, 2003), and psychometric high-risk (Chok, Kwapil, &
Scheuermann, 2005), though not consistently (Daly, Gooding, Jessen, & Auger, 2008; Gabalda
& Compton, 2010). Fourth, given evidence of top-down modulation of somatosensory
processing in old age (Master, Larue, & Tremblay, 2010), and among schizophrenia patients
relative to controls (Huang et al., 2010), examination of isomorphic (i.e., spatial featuredependent) and non-isomorphic (i.e., spatial feature-independent) letter recognition errors will
help disentangle peripheral and central contributions, respectively.
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Findings from this study are expected to carry important implications. At the theoretical
level, results will shed light on the generalizability of sensory processing disruptions in relation
to psychosis-risk using basic somatosensory processing tasks as a proxy for respective neural
substrates; namely, SI, SII, and posterior parietal. Closer examination of the associations among
various somatosensory processing tasks with dimensions of psychotic symptoms in the nonclinical range will further help clarify likely neural underpinnings, including from a dimensional
perspective. At the clinical level, findings have implications for yielding a unique behavioral
measure that 1) captures integrity of early central nervous system development, 2) may be used
(together with other risk indicators) towards early identification of individuals at-risk and 3) may
inform the development of new avenues of preventive intervention.
Sensory Processing Dysfunction in the Etiology of Schizophrenia Spectrum Disorders
The sensory systems (auditory, visual, olfactory, somatosensory, gustatory) allow
individuals to sample from, and shape perceptions of, environments at unconscious and
conscious levels. Disruptions in sensory processing are found among schizophrenia patients
(Javitt, 2009a), genetic high-risk (Yeap et al., 2006), clinical high-risk (Brewer et al., 2006;
Jahshan et al., 2012), and nonclinical (Bates, 2005; Lenzenweger, 2000) samples, with particular
focus on auditory and visual modalities (Javitt, 2009b), given their observable behavioral
manifestations in acute illness (e.g., hallucinations). Empirical examination of such sensory
processing deficits includes, for example, evidence of basic disruptions in tone-matching and
contrast sensitivity (primary auditory and visual cortices, respectively) that predict disruptions in
higher order sensory processes, such as prosody interpretation (Leitman et al., 2007) and object
identification (Doniger et al., 2002), respectively, that contribute to more complex processes of
emotion processing (Butler et al., 2009) and functional outcomes (Brekke et al., 2005). These
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findings suggest that basic sensory processes have widespread influences on more complex,
higher order processes and may be rate-limiting factors in treatment targeting clinically salient
complex sequelae. In fact, Adcock and colleagues (2009) found that a cognitive remediation
treatment approach incorporating basic auditory training improved verbal working memory,
verbal learning, and global cognition in schizophrenia outpatients relative to outpatients who
engaged in control computer games. Psychophysical gains following auditory training (e.g.,
enhanced auditory discrimination) were associated with improved cognitive performance.
Furthermore, serum brain-derived neurotrophic factor levels among outpatients who underwent
auditory training exhibited significant increases (relative to outpatients who engaged in computer
games) that were comparable to a healthy control group (Adcock et al., 2009), suggesting that
remediation of basic sensory processing may improve complex, higher order cognitive
processing, as well as neural plasticity. Despite such advancements in the study of auditory and
visual processing domains among SSDs, the degree of disruption in basic somatosensory
processes is not well established, and their influence on higher order processes remains
unexamined.
The glutamate hypothesis is the most widely accepted model accounting for sensory
processing deficits as core features of schizophrenia. It posits that NMDA-receptor dysfunction
underlies poor precision of processing cognitive and sensory information (Javitt et al., 1996;
Javitt, 2010; Kantrowitz & Javitt, 2010), and it may also provide a parsimonious explanation of
the pathophysiology and symptomatology of the illness. First, there is evidence that NMDAantagonists produce psychotic symptoms, neurocognitive disturbances, and disruptions in
sensory processing. Second, glutamate receptors are widespread in the brain, affecting neural
mechanisms broadly (e.g., panmodal processing imprecision) and may better account for the
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heterogeneity and seemingly diffuse disruptions in typical neural processes exhibited by
schizophrenia patients. Third, NMDA-antagonist administration disrupts NMDA-receptor
functioning and results in prefrontal hypodopaminergia (Javitt, 2010) that likely contributes to
cognitive deficits demonstrated by schizophrenia patients (Abi-Dargham & Moore, 2003).
Finally, the electrophysiological mismatch negativity (MMN) response component is dependent
on NMDA receptor functioning (Javitt et al., 1996). Of note, MMN deficits are implicated in the
pathophysiology of schizophrenia (Garrido, Kilner, Stephan, & Friston, 2009; Javitt, Shelley, &
Ritter, 2000), are associated with greater illness severity, cognitive deficits (Baldeweg, Klugman,
Gruzelier, & Hirsch, 2004), and functional decline (Light & Braff, 2005) in schizophrenia,
worsen over the course of illness (Jahshan et al., 2012), and are present among individuals at
genetic risk for schizophrenia (Jessen et al., 2001; Michie, Innes-Brown, Todd, & Jablensky,
2002).
The resultant panmodal processing imprecision associated with disruptions in NMDAreceptor functioning accounts for sensory processing deficits that are consistent with the etiology
of schizophrenia. Accordingly, schizophrenia patients perform poorly relative to controls across
a range of sensory and cognitive tasks indicative of imprecise form representation; namely,
measures of auditory tone-matching, proprioceptive weight-discrimination, and continuous
performance tests, independent of memory factors (Javitt et al., 1999). Parallel findings among
nonclinical samples demonstrate an association of auditory sensory processing imprecision with
negative and disorganized schizotypal traits, independent of delays, distractions, and processing
speed (Bates, 2005). In sum, sensory processing deficits occur across modalities in
schizophrenia, may specifically share common substrates with negative and disorganized
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schizotypal traits (and symptoms), and may serve as putative indicators of vulnerability among
nonclinical samples.
Somatosensory functions (touch, pain, temperature, and proprioception) in response to
mechanical stimulation of receptors in the skin may also be disrupted in SSDs and nonclinical
samples. Neurophysiological evidence in schizophrenia includes: 1) disruptions in sensorimotor
(i.e., somatosensory specific) and frontal-parietal-temporal (i.e., generalized attentionmodulated) networks in response to passive somatosensory stimuli (Huang et al., 2010), 2)
abnormal somatosensory evoked potentials (Norra et al., 2004), 3) reversed asymmetry and
displaced somatosensory evoked potentials (Reite, Teale, Rojas, Benkers, & Carlson, 2003), and
4) reduced lateralization and focalization of SI in response to passive somatosensory stimuli
specifically associated with disorganized traits (White et al., 2009). A variety of behavioral
somatosensory measures permit non-invasive examination of somatosensation, such as weight
discrimination (proprioception), two-point, texture, and spatial discrimination (touch sensitivity),
letter recognition (spatial resolution), and graphesthesia (complex cognitive somatosensory
processing), some of which have been examined in relation to psychosis proneness. Poorer
weight discrimination among schizophrenia patients (Javitt et al., 1999) and genetic high-risk
(but not relatives of bipolar patients; Chang & Lenzenweger, 2005) compared to controls may
reflect sensory processing imprecision, and/or anterior parietal-mediated deficits. Two-point
discrimination performance at the fingertip has been associated with the N20 component
generated by SI (Knecht, Kunesch, & Schnitzler, 1996). Abnormal N20 responses among
schizophrenia patients has been associated with positive symptoms (i.e., formal thought disorder,
delusions), which may be an indicator of decreased thalamic inhibition among patients (Norra et
al., 2004). Poorer two-point discrimination on the palm has been related to greater positive
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schizotypal traits among nonclinical undergraduates (Lenzenweger, 2000) and genetic high-risk
samples, but not among first-degree relatives of bipolar patients (Chang & Lenzenweger, 2005),
suggesting specificity to schizophrenia liability. Thus, two-point discrimination may be a distal
correlate of positive schizotypal traits (and symptoms), independent of specific tactile
somatosensory processes. Graphesthesia on the palm was poorer among relatives of
schizophrenia patients than controls and relatives of bipolar patients, and associated with greater
positive schizotypal traits, yet independent of two-point and weight discrimination. The relative
independence of graphesthesia task performance from two-point and weight discrimination may
reflect differential involvement of SII and SI, respectively; conversely, independence may also
reflect disruptions independent of somatosensory processing (e.g., intensity cues, motor
involvement). In sum, although a general somatosensory processing deficit may be a potential
endophenotype of schizophrenia liability (Chang & Lenzenweger, 2005), the nature of these
deficits, underlying neural substrates, and putative links with other sensory processes remain
unclear.
An alternative model to panmodal processing imprecision posits that the aforementioned
somatosensory processing deficits associated with schizophrenia liability specifically reflect
anterior-parietal involvement (Chang & Lenzenweger, 2005; Lenzenweger, 2000). However, this
alternative fails to account for parallel deficits in other sensory modalities (e.g. auditory tone
discrimination) among SSDs. While these studies provide support for investigating
somatosensory processing in SSDs, the methodology was relatively non-specific, and the
theoretical rationale did not integrate the increasing body of work in panmodal sensory
processing deficits in SSDs, somatosensory approaches implemented in assessing other
neurodevelopmental disorders, or top-down mechanisms indicative of broader processing
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disruptions. Instead, generalized cognitive functioning of undergraduates was assessed using the
Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit Symbol task and Scholastic
Assessment Test (SAT) scores, both of which were independent of performance on two-point
discrimination (Lenzenweger, 2000). The authors concluded that disruptions in somatosensory
processing were not a result of a generalized cognitive deficit, but instead a specific deficit
reflecting anterior parietal involvement. However, these cognitive measures may not be sensitive
and/or variable enough to adequately assess generalized cognitive functioning given the
presumed relatively high level of intellectual attainment and functioning of undergraduates from
a prestigious university (i.e., Harvard University). Furthermore, the generalized cognitive deficits
iterated by others (Javitt et al., 1999) have implicated information processing deficits that extend
across sensory and cognitive domains. Based on the few studies examining somatosensory
processing specifically in relation to SSDs, it remains unclear whether such disruptions also
reflect information processing imprecision demonstrated in other sensory and cognitive
modalities, or whether they are specifically indicative of anterior parietal involvement.
Prior studies of somatosensory functions in SSDs and their association with schizotypal
traits in nonclinical samples are also limited in that the measures used varied unsystematically,
precluding inferences regarding the underlying processes of somatosensory disruptions and their
associations with schizotypal traits. For example, two-point discrimination applied to the palm is
not specific to spatial information cues (e.g., responses incorporate intensity cues), is not
sensitive to the limits of spatial resolution (i.e., lacks discernible spatial features), is unreliable
(i.e., high inter- and intra-individual variability; Craig & Johnson, 2000), does not rule out basic
sensory contributions (e.g., peripheral input, SI), or higher order involvement (e.g.,
thalamocortical inhibition). Also, two-point discrimination, weight discrimination, and
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graphesthesia vary in terms of broad somatosensory processes (i.e., exteroceptive touch,
proprioception, complex cognitive somatosensation, respectively), peripheral inputs (i.e.,
mechanoreceptors), and cortical involvement (e.g., anterior and posterior parietal, and frontal
regions). Despite these pitfalls, a link between schizotypic deviance and subtle, anterior parietalmediated somatosensory deficits independent of state symptomatology (i.e., depressive and
anxiety symptoms), family history of bipolar disorder, and generalized cognitive disturbance has
been postulated (Chang & Lenzenweger, 2005) that warrants more extensive examinations.
Although peripheral and/or higher-order involvement in observed somatosensory disruptions
were thought to be unlikely (Lenzenweger, 2000), viable alternatives (e.g., panmodal processing
imprecision) were not explored and the chosen methodology did not permit dissociations of
putative peripheral (bottom-up) and central (top-down) mechanisms.
Somatosensory Processing as a Distal Indicator of Neurodevelopment and Schizophrenia
Risk
Schizophrenia is considered a neurodevelopmental disorder specifically linked with
disruptions during the late first to early second trimester in utero (Rapoport et al., 2005;
Waddington et al., 1999). The somatosensory system is one of the earliest sensory systems to
develop, with somatosensory responses detectable at 8 weeks in utero (Montagu, 1986). Tactile
sense development (somatosensation at the fingertips via mechanoreceptors) heavily influences
fine and gross motor skill development and verbal communication (Hertenstein, Verkamp,
Kerestes, & Holmes, 2006). Tactile abilities vary across development in a curvilinear pattern
with acuity improving into adolescence (i.e., plateau by about age 10; Bleyenheuft, Cols,
Arnould, & Thonnard, 2006; Bleyenheuft, Wilmotte, & Thonnard, 2010) and declining in older
age (i.e., beyond age 65; Stevens & Patterson, 1995) reflecting changes in peripheral and central
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mechanisms (Manning & Tremblay, 2006). In children, smaller fingertips and smaller receptive
fields with greater mechanoreceptor density (Peters, Hackeman, & Goldreich, 2009) have been
thought to enhance tactile acuity, yet the observed poorer tactile acuity may reflect peripheral
(e.g., less hydrated fingertips due to under-activated sweat glands) and/or central (e.g., less
developed topographical maps in SI) mechanisms (Bleyenheuft et al., 2010). In older adults,
declines in tactile abilities are related to peripheral mechanisms such as declines in
mechanoreceptors (Bruce, 1980; Iwasaki, Goto, Goto, Ezure, & Moriyama, 2003), poorer signal
transmission (Rivner, Swift, & Malik, 2001), as well as central mechanisms such as more diffuse
cortical representations (Kalisch, Ragert, Schwenkreis, Dinse, & Tegenthoff, 2009), and
decreased intracortical inhibition (Dinse, 2011). Such changes over the course of development
coincide with broader neural changes and likely influence subsequent higher order changes
reliant on intact somatosensory functions. Understanding peripheral and central somatosensory
mechanisms in typical development will help elucidate the nature of disruptions in some
neurodevelopmental disorders.
Somatosensory impairments have been associated with deficits in communication, motor
ability, and social skills in many neurodevelopmental disorders (NDDs; Cascio, 2011). Multiple
mechanisms have been postulated (Koziol et al., 2011); for example, peripheral c-touch afferents
in Autism Spectrum disorders (ASD), GABA-mediated inhibition in Angelman syndrome,
thalamocortical gating mechanisms in Fragile X and Rett syndromes, and top-down modulation
of sensory cortical responses in ASD (Cascio et al., 2008; Cascio, 2010). Disruptions in
thalamocortical white matter tract integrity have been associated with poorer performance on
tactile discrimination, proprioception, and strength among children with cerebral palsy (CP;
Hoon et al., 2009) implicating a functional role for basic tactile-mediated processes guiding
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complex motor development. Interestingly, though not a sensory modality per se, motor
abnormalities have been speculated as biomarkers of risk (Mittal & Walker, 2009) in SSDs in
light of evidence that children who later develop schizophrenia (via retrospective studies;
Walker, Savoie, & Davis, 1994) and individuals at clinical high-risk for schizophrenia (Mittal et
al., 2010) display motor abnormalities attributed to hyperdopaminergia in the striatum of the
basal ganglia. Moreover, increases in striatal dopamine and cortisol (i.e., stress hormone) are also
strongly modulated by NMDA-type glutamate receptors (Smith et al., 1998) implicated in
sensory processing imprecision. There is evidence that NMDA antagonists increase dissociative
and negative (not positive) symptoms, though amphetamine-induced dopamine release alone
does not increase symptoms (Kegeles et al., 2000). Although somatosensory disruptions occur in
many NDDs, mechanisms differ by etiology resulting in unique behavioral sequelae. In SSDs,
NMDA-receptor functioning may contribute to somatosensory, motor, and clinical
symptomatology, rendering somatosensory deficits one potential distal indicator of early
neurodevelopmental disruption.
Neural Mechanisms of Touch and Schizophrenia Spectrum Disorders
Neural substrates of touch begin at cutaneous and subcutaneous mechanoreceptors, which
are the mechanisms of input for basic somatosensory processing (e.g., texture, shape, orientation)
that transduce mechanical stimulation to neural signals in the brain. Of the four
mechanoreceptors, two are located proximal to the dermis (Meissner’s corpuscles, Merkel disk
receptors) while two are found deeper in the dermis (Pacinian corpuscles, and slowly adapting
type 2 afferents, also called Ruffini endings). The location and structure of mechanoreceptors
mediate the physiological response to specific stimuli. Meissner’s corpuscles are rapidly
adapting (RA) receptors that detect stroking and fluttering (onset and offset) of stimuli. Merkel
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disk receptors are slowly adapting type 1 (SA1) receptors that detect pressure and texture, and
specifically respond to spatial form (Blake, Hsiao, & Johnson, 1997); the threshold for tactile
spatial acuity is ~1.0 mm, which approximates the spatial resolution capacity of the SA1
afferents. Pacinian corpuscles (PC) are rapidly adapting receptors that respond to vibration and
fine texture discrimination. Slowly adapting type 2 (SA2) receptors respond to skin stretch
(Gardner & Kandel, 2000).
The somatosensory pathway of touch has been well characterized. Incoming
somatosensory information crosses the midline, ascends the medial lemniscal tract, enervates the
ventroposterolateral thalamic nuclei, and projects to SI; complex somatosensory processing
occurs in SII. In turn, thalamic nuclei send projections to the supplementary motor area (SMA)
and superior parietal lobe (SPL; Gardner & Kandel, 2000). Neuroanatomical lesion studies
indicate impaired basic sensory functions (e.g., texture and spatial discrimination) following SI
lesions, but not parietal lesions sparing SI; lesions of SPL spare basic somatosensory functions,
but impair spatial pattern discrimination (Bauer & Demery, 2003; Semmes, 1965). Accordingly,
if somatosensory disturbances reflect parietal involvement beyond SI, basic somatosensory
abilities would be intact, but complex task performance would be impaired. Conversely,
somatosensory disturbances reflecting primarily SI involvement would result in poor basic
somatosensory abilities, and subsequently disrupted complex somatosensory processing.
Examination of somatosensory processing in clinical populations often implements two-point
discrimination of the palm. The large receptive fields and low density of mechanoreceptors,
however, do not maximize activation and the lack of spatial form representation precludes
indirect assessment of form integrity in somatosensory cortices. In contrast, tactile discrimination
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and recognition tasks (Johnson & Phillips, 1981) permit greater flexibility to explore neural
mechanisms.
To assess complex somatosensory processes, letter recognition tasks provide greater
neural specificity compared to graphesthesia, and the peripheral neural response is well
understood to rely upon SA1 mechanoreceptors (Johnson, 2001). Broadly, tactile letter
recognition involves primary and secondary motor and somatosensory cortices, and associative
regions of frontal and parietal lobes (Burton, McLaren, & Sinclair, 2006; Stilla, Deshpande,
LaConte, Hu, & Sathian, 2007; Van Boven, Ingeholm, Beauchamp, Bikle, & Ungerleider, 2005).
Specifically, tactile letter recognition abilities have been associated with activation in the
posterior parietal operculum (Burton, Sinclair, Wingert, & Dierker, 2008)and a left hemisphere
bias (i.e, intraparietal sulcus; Van Boven et al., 2005) consistent with a left-hemisphere bias of
visual processing of fine spatial details (Sergent, 1982) and shape discrimination (Georgopoulos
et al., 2001). Accordingly, tactile and visual letter stimuli elicit comparable confusion errors,
suggesting that spatial forms are processed similarly in both systems (Phillips, Johnson, &
Browne, 1983), which suggests that performance on a letter recognition task may be parallel
across sensory modalities.
Tactile spatial processing is relevant to SSDs in that primary sensory form
representations are impaired in schizophrenia patients across sensory systems (Javitt et al.,
1999), and have been associated with negative and disorganized schizotypal traits in a
nonclinical sample (Bates, 2005). Moreover, schizophrenia patients (relative to controls) have
exhibited reduced leftward asymmetry volumetrically (i.e., supramarginal gyrus of the parietal
lobe; Zhou et al., 2007) and electrophysiologically in response to passive somatosensory stimuli
(Reite et al., 2003). Thus, letter recognition tasks provide a framework to examine tactile
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processing (associated with leftward biased parietal involvement) peripherally related to basic
somatosensory processes (tactile discrimination), yet beyond SI and SII, in relation to
schizotypal traits.
In order for spatial (letter) forms to be processed accurately via cortical mechanisms,
peripheral encoding and transmission of the spatial image must be intact (Loomis & Barbara,
1981; Loomis, 1990). Peripheral mechanoreceptor functional and structural decline has been
implicated in decreased tactile acuity associated with aging (Bruce, 1980; Stevens & Patterson,
1995; Tremblay, Backman, Cuenco, Vant, & Wassef, 2000); yet, central processing mechanisms
may better account for impairments in tactile letter recognition among older adults with intact
tactile spatial acuity (Manning & Tremblay, 2006). SA1 mechanoreceptors (Phillips, Johnson, &
Hsiao, 1988) can retain the integrity of dot and letter patterns, but some features are less accurate
in the neural discharge (e.g., horizontal features; Vega-Bermudez, Johnson, & Hsiao, 1991a).
Thus, confusion errors in letter recognition can be classified in terms of inaccurate peripheral
encoding (predictable based on isomorphic spatial features) versus errors in central processing
(unpredictable based on non-isomorphic features). By varying the letter size, peripheral and
central mechanisms can be further elucidated; small letters (~3 mm in height) are more reliant on
peripheral encoding mechanisms, whereas larger letters (>6 mm) greatly exceed the limits of
tactile resolution, placing less reliance on SA1 afferents in correctly identifying letters (Loomis,
1990), and more on central processing (Master et al., 2010). Among older adults, prevalent nonisomorphic errors, independent of spatial discrimination abilities, suggest a more integral role of
central processing mechanisms (e.g., selective attention, inhibition of irrelevant stimuli; Master
et al., 2010; Valeriani, Ranghi, & Giaquinto, 2003) than peripheral mechanisms. Similar central
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processing disruptions have been identified in schizophrenia patients in response to passive
somatosensory stimuli (Huang et al., 2010).
Despite the coupling of mechanoreceptors to ridges underneath the surface of the skin,
few researchers have examined the link between features of ridged skin (i.e., dermatoglyphics)
and somatosensation. The location and function of Meissner’s corpuscles has led some to
postulate associations between dermatoglyphic features and tactile sensitivity (Dillon, Haynes, &
Henneberg, 2001; Loesch & Martin, 1984a); however, limited studies examining these
associations provide conflicting evidence. One study (Loesch & Martin, 1984a) explored the
associations between dermatoglyphic traits (i.e., ridge density, absolute ridge count, pattern
intensity, number of ends and junctions, ends to junctions ratio, angle of pattern convexity, ratio
of ridge to groove width) and tactile sensitivity (i.e., spatial discrimination, response time,
accuracy). Overall, greater tactile sensitivity was associated with lower pattern intensity (i.e.,
individuals with whorl patterns exhibited higher sensitivity thresholds than individuals with loop
or arch patterns). Wider grooves between ridges and a greater number of junctions (i.e.,
convergence of ridges) yielded greater tactile sensitivity. In sum, loop patterns with few ridges,
many junctions, and wide grooves yielded the greatest tactile sensitivity (Loesch & Martin,
1984a). Pattern intensity and ridge counts shared significant variability, yet both were
independent of ridge ends and junctions. The minutiae (i.e., ends and junctions) were also
independent factors from one another (Loesch & Martin, 1984b). It may be that the greater
connectivity of ridges via junctions provides a more continuous, stiff epidermis that amplifies the
response of mechanoreceptors in superficial skin layers that respond to temporal spatial stimuli
(i.e., RA and SA1) and those in deeper layers of the skin that detect fine texture vibrations (i.e.,
PC). Alternatively, or concurrently, there may be a greater number of Meissner’s corpuscles
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underlying the junctions of ridges relative to edges due to the coupling of these
mechanoreceptors to papillary ridges (Loesch & Martin, 1984a).
Associations between features of ridged skin and mechanoreceptors can also be explored
from a neurodevelopmental perspective. Among adults aged 20 to 43, greater tactile sensitivity
was associated with pattern complexity and ridge integrity that may reflect mechanoreceptor
density (Loesch & Martin, 1984a); yet, an examination of adult cadavers aged 63 to 92
demonstrated no associations between the density of Meissner’s corpuscles and dermatoglyphic
patterns or ridge counts (Dillon et al., 2001). These seemingly incongruent findings may in part
reflect differences in methodological, statistical, and sampling techniques. That is, associations
among dermatoglyphic traits and tactile sensitivity in living adults could not be substantiated
with mechanoreceptor densities since a skin biopsy would be required. Therefore,
mechanoreceptor density could only be inferred based on the location and physiological
functions of mechanoreceptors. In contrast, the density of Meissner’s corpuscles in relation to
several dermatoglyphic features was examined in cadavers, yet behavioral data regarding tactile
sensitivity could not be obtained (Dillon et al., 2001). Greater ridge breadth was associated with
a lower density of Meissner’s corpuscles and larger finger size, but it remains unclear if this
association would modulate tactile functions. Moreover, given the steady decline in the density
of Meissner’s corpuscles up until about age 60 (Wickremaratchi & Llewelyn, 2006), it is
possible that there was not sufficient variability to detect associations; alternatively, other
mechanoreceptors not explored in this study may be more closely associated with
dermatoglyphic traits, despite the proximity of Meissner’s corpuscles to papillary ridges.
Given the difficulties in assessing the associations between dermatoglyphic features,
mechanoreceptor functioning, and tactile abilities, biomimetic and statistical models have been
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implemented to clarify findings. Two putative roles of fingerprints have been proposed
(Scheibert, Leurent, Prevost, & Debrégeas, 2009): 1) to enhance grasping capabilities, and 2) to
amplify tactile sensations (i.e., lever arm model of papillary ridges; Cauna, 1954). A biomimetic
tactile sensor is a device modeled to be both structurally and functionally similar to fingerprints
in mediating the processing of tactile stimuli (i.e., texture, vibrations). In concordance with
others (Bensmaïa & Hollins, 2003, 2005), PCs were postulated to play a primary role in
detecting fine tactile stimuli despite the large receptive fields and low spatial resolution. Tactile
scanning of finely grated stimuli by the biomimetic sensor yielded response frequencies within
the same range as the best frequency (e.g., greatest sensitivity) of PCs; thus, suggesting that the
presence and orientation of fingerprint ridges mediated the processing of fine tactile stimuli by
the PCs (Scheibert et al., 2009). Conversely, finite element analyses testing competing models of
fingerprint ridge properties in relation to previously recorded neural responses to comparable
stimuli indicated that papillary ridges were functionally independent from intermediate ridges,
and the former did not mediate the responses of slowly adapting mechanoreceptors (Gerling &
Thomas, 2008). In sum, the extent to which papillary ridges affect mechanoreceptor transduction
remains unclear, but behavioral findings among young adults implicate a link between the two
that may be structurally mediated and/or modulated by currently unknown mechanisms.
Elucidation of associations among dermatoglyphics, mechanoreceptor functioning and
somatosensation has implications for SSD etiology. Dermatoglyphic anomalies are found among
individuals with schizophrenia whereby patients (e.g., Avila, Sherr, Valentine, Blaxton, &
Thaker, 2003) and individuals at psychometric risk for psychosis (Chok et al., 2005) tend to
exhibit fewer fingerprint ridges compared to controls, although this finding has not always been
replicated (Daly et al., 2008; Gabalda & Compton, 2010). Furthermore, a recent meta-analysis
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demonstrated that total finger ridge counts and palmar ridge counts differentiated schizophrenia
patients from controls, whereby patients have lower ridge counts than controls (Golembo-Smith,
Walder, Daly et al., 2012). Most researchers conceptualize dermatoglyphic abnormalities in
psychosis in the context of a neurodevelopmental model. Given the timing of dermatoglyphic
formation (specifically weeks 8 to 16), which coincides with ecotoderm formation, prenatal
disruptions that yield dermatoglyphic abnormalities are also presumed to impact development of
other aspects of central nervous system (van Oel et al., 2001), including neurodevelopment of
regions structurally and/or functionally impaired in schizophrenia (e.g., hippocampus, cingulate
gyrus, thalamus; Waddington et al., 1999). Based on family studies, dermatoglyphic
abnormalities have been conceptualized as indicators of neurodevelopmental deviance among
schizophrenia patients and their first degree relatives (e.g., Fatjó-Vilas et al., 2008). In this way,
timing of prenatal events is relevant to consequent disruptions in, for example, ridge formation.
The potential link of prenatal disruptions and dermatoglyphic abnormalities with
somatosensation, however, remains relatively under-examined in the literature. This, together
with the shared (nearly overlapping) timing of establishment during prenatal development and
potential functional relatedness, suggests that closer examination of the association of
somatosensory processing with dermatoglyphics may shed light on underlying neurobiology of
psychosis, as well as putative somatosensory behavioral correlates of dermatoglyphic
disruptions. Evidence of an association between somatosensory processing and dermatoglyphics
may provide further support for an early neurodevelopmental origin of somatosensory processing
disruptions. Although, based on multimodal sensory processing deficits and evidence of higher
order cognitive disruptions seen in schizophrenia, it may be that somatosensory processing is
associated with schizotypal traits above and beyond the contribution of dermatoglyphics, despite
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overlapping timing in neurodevelopment; or, common underlying neurodevelopmental
mechanisms may be involved in both peripheral and central somatosensory processing. An
understanding of the mechanisms involved in somatosensory abnormalities may further our
understanding of sensory processing disruptions in the pathogenesis of SSDs, and these factors
may serve as potential endophenotypic markers of risk for psychosis.
Conclusion
The extent to which individuals express schizotypy lies along a continuum of pathology
ranging from asymptomatic to prodromal to chronically ill. An examination of the associations
among neural processes and behavior in individuals across this continuum holds great potential
towards elucidating the pathophysiology and underlying etiology of schizophrenia.
Methodological designs that have been used to identify biomarkers of schizophrenia
vulnerability (genetic and clinical high-risk) can be extended to psychometric high-risk
paradigms and the examination of schizotypal traits in nonclinical samples. Frequently examined
indicators of neurodevelopmental disruption in schizophrenia include neuroanatomic, genetic,
neurohormonal and psychophysiological factors as well as more complex neurocognitive, social,
and biobehavioral manifestations of illness. Increasingly, basic sensory processing has been
explored as a core feature of SSDs (Javitt, 2009b) and as an indicator of a schizophrenia
diathesis (Chang & Lenzenweger, 2005). Clarifying the associations among putative indicators
of risk among nonclinical young adults who are unaffected by illness-related factors (e.g., acute
psychosis, medication effects, hospitalization, functional decline), and their associations with
subtle fluctuations in schizotypal traits has implications for identifying markers of schizophrenia
liability. Furthermore, utilization of more precise methodological approaches that are more
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readily linked with underlying neural substrates will contribute to our understanding of how
basic processes influence higher order processes typically disrupted in SSDs.
In the proposed study, basic somatosensory tasks (i.e., texture and spatial discrimination)
will be implemented to examine the association of SI-mediated processes with schizotypal traits.
The tactile letter recognition task will be implemented to assess the integration of basic and
complex somatosensory processes, and to explore a methodologically flexible paradigm to test
hypotheses differentiating peripheral and central processing mechanisms. A better understanding
of the nature of specific somatosensory processing functions in individuals at-risk for psychosis
holds potential towards elucidating neurobiological underpinnings of illness. Specifically, given
evidence of dysfunctional NMDA transmission in sensory processing (Dinse, Ragert, Pleger,
Schwenkreis, & Tegenthoff, 2003), and in schizophrenia (Javitt et al., 1996; Kantrowitz & Javitt,
2010), findings may further implicate the glutamate hypothesis in psychosis risk. Additionally,
given evidence of parietal involvement in somatosensory processing (Gardner & Kandel, 2000),
and in relation to schizotypal traits (White et al., 2009), use of hierarchically-derived measures
may provide greater specificity regarding the nature of disruptions in somatosensory functions in
SSDs. Findings may implicate anomalous somatosensory experience as a remote, early
developmental indicator of psychosis vulnerability. This is of particular importance given the
neurodevelopmental hypothesis of schizophrenia and the early (prenatal) stage at which
somatosensory functions develop and the downstream effects they are believed to yield on more
complex processes crucial to successful functioning.
To date, the nature of disruptions in somatosensory processing across SSDs has not been
fully explored. The proposed study will examine basic somatosensory processes among
individuals at varying degrees (low to high) of psychometric risk for psychosis using tactile
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texture and spatial discrimination, and letter recognition tasks. Also, a differential association of
somatosensory processing across symptom dimensions would provide a better understanding of
the potential substrates associated with biomarkers of risk for SSDs. More specifically,
individuals are currently identified to be at clinical high-risk for psychotic disorders based on
attenuated positive symptoms (rather than negative and disorganized; e.g., Miller et al., 2003;
Woods et al., 2009), yet negative and disorganized symptoms have been more closely linked
with conversion to psychotic disorders and a poorer prognosis (e.g., Foussias & Remington,
2010). Although others found that more positive schizotypal traits were associated with poorer
somatosensory task performance (Chang & Lenzenweger, 2005), it may be that unidimensional
schizotypy measures (Lenzenweger, 2000), inadequate statistical analyses (Chang &
Lenzenweger, 2001, 2004, 2005), and/or non-specific somatosensory indices account for
inconsistencies in somatosensory and panmodal sensory processing literature. Thus, examination
of biomarkers of risk specifically linked with negative and/or disorganized schizotypal
traits/symptoms may assist in earlier identification of individuals at high risk for converting to
SSDs, improve outcome measures, and influence the development of targeted preventive and/or
treatment approaches. Also, concurrent clinical symptoms and poor cognitive functioning have
been associated with schizotypal traits in nonclinical samples (Cohen & Matthews, 2010; Dinn,
Harris, Aycicegi, Greene, & Andover, 2002) and have predictive value for the onset of psychotic
disorders (Lencz et al., 2006; Yung, Phillips, Yuen, & McGorry, 2004). As such, an examination
of the association of schizotypal traits with somatosensory task performance, independent of the
contribution of non-psychotic-like symptoms, will clarify the degree of specificity of
associations among nonclinical young adults.
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Furthermore, the proposed study is the first known to implement an integrated approach
in examining somatosensory processing in relation to SSDs. Specifically, this study takes into
consideration disruptions in other sensory modalities (i.e., visual, auditory), NDDs, peripheral
features associated with neurodevelopmental deviance, and central processes. Findings are
expected to help clarify disparate hypotheses regarding neural substrates of disruptions in
somatosensory processing in SSDs involving neurodevelopmental factors (Cascio, 2010), subtle
anterior parietal-mediated influences (Chang & Lenzenweger, 2005; Lenzenweger, 2000), and/or
NMDA-receptor modulation (e.g., imprecise form representation; Bates, 2005; Javitt et al., 1999;
Javitt, 2009b). The proposed study is also intended to provide proof of concept in using simple,
non-invasive somatosensory measures as biomarkers of risk for SSDs. If the hypothesized
associations are supported among nonclinical individuals at varying levels of psychometric risk,
future studies may examine somatosensory processing disruptions among individuals at greater
risk (e.g., clinical/prodromal youth; individuals at genetic/familial high-risk) and clinical
samples. At the same time, the proposed flexible methodology will help extend findings to other
sensory modalities and provide a framework for such future studies.
The primary goal of the proposed study is to extend prior research demonstrating
associations between impaired basic somatosensory processing and schizotypal traits among
nonclinical undergraduates (Lenzenweger, 2000) by utilizing a more comprehensive hierarchy of
somatosensory tasks. Specifically, the study aims to dissociate SI involvement from SII and
posterior parietal involvement, while considering peripheral and central contributions. Tasks of
varying cognitive demand will elucidate how somatosensory deficits vary as a function of
increasing complexity, with implications for understanding the role of corresponding neural
substrates in SSD etiology.
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First, at the level of SI, texture and spatial discrimination tasks will clarify the degree to
which performance is independent of deep and superficial mechanoreceptor integrity (Bensmaia
& Hollins, 2003; Phillips et al., 1992). Second, at SII and posterior parietal levels, a letter
recognition task will explore the integrity of complex somatosensory form representations, as
impairments in other sensory modalities are associated with negative and disorganized
schizotypal traits among nonclinical samples (Bates, 2005), and are present among schizophrenia
patients relative to controls (Javitt et al., 1999). Third, fingerprint features (i.e., dermatoglyphics)
will be assessed to account for potential peripheral contributions to somatosensory processing
(Loesch & Martin, 1984), and as putative indicators of neurodevelopmental deviance found
among individuals with schizophrenia (Avila et al., 2003), and who are at psychometric high-risk
(Chok et al., 2005), though not consistently (Daly et al., 2008; Gabalda & Compton, 2010).
Fourth, given evidence of top-down modulation of somatosensory processing in old age (Master
et al., 2010), and among schizophrenia patients relative to controls (Huang et al., 2010),
examination of isomorphic (i.e., spatial feature-dependent) and non-isomorphic (i.e., spatial
feature-independent) letter recognition errors will help disentangle peripheral and central
contributions, respectively.
Specific Aims and Hypotheses
Aim 1: To examine the patterns of associations among tactile somatosensory abilities and
schizotypal traits. Hypothesis 1: Based on prior findings indicating poorer generalized
somatosensory performance (Chang & Lenzenweger, 2001, 2004, 2005; Lenzenweger, 2000),
and imprecise form representations associated with schizotypal traits (Bates, 2005), it is
hypothesized that higher texture and spatial discrimination thresholds, and poorer tactile letter
recognition will be associated with greater schizotypal traits overall. While poorer
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somatosensory performance reflects disruptions in SI involvement, a relatively greater deficit in
letter recognition would suggest greater involvement of central processing mechanisms (SII and
posterior parietal). Since somatosensory deficits are expected at basic and central levels,
performance on a letter recognition task (i.e., greater cognitive demand assessing form
representation integrity) is expected to account for variability in schizotypal traits beyond the
relative contribution of basic texture and spatial discrimination task performance.
Aim 2: To examine differential associations of somatosensory abilities with schizotypal
trait dimensions (i.e., positive, negative, disorganized), independent of state mood symptoms
(i.e., anxiety and depressive symptoms). Hypothesis 2: A differential pattern of associations
between somatosensory performance and schizotypal traits is expected. Consistent with some
prior research (Bates, 2005), it is hypothesized that greater negative and disorganized traits will
be associated with poorer performance, but positive traits will not account for variability beyond
these traits. Given the specificity of somatosensory processing deficits and risk for SSDs,
associations of somatosensory performance and schizotypal traits will be independent of
depressive and anxiety symptoms.
Aim 3: To elucidate the relative contributions of bottom-up (i.e., morphologic aspects,
mechanoreceptor modulation) and top-down (i.e., letter recognition abilities, confusion errors)
mechanisms. Hypothesis 3: Exploratory analyses were expected to indicate associations of
dermatoglyphic features (i.e., PI, REJ, RG) and confusion errors with somatosensory
performance, although they were not expected to fully account for the associations between basic
somatosensory processing and schizotypal traits. If peripheral (“bottom-up”) mechanisms
influence the putative association between letter recognition and schizotypal traits, more
isomorphic errors (e.g., “B” called “D”), relative to non-isomorphic errors (e.g., “K” called “P”),
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will be related to more schizotypal traits. If central processing (“top-down”) mechanisms
influence the putative association between letter recognition and schizotypal traits, more nonisomorphic errors (relative to isomorphic errors) will be related to more schizotypal traits.
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CHAPTER II
METHOD
Participants
Participants were 125 (88 female, 37 male) young adults, ages 18-32 years (M = 20.55,
SD = 3.27), recruited from Brooklyn College of the City University of New York (CUNY)
Introduction to Psychology human subjects pool who received course credit as compensation.
The sample size was based on a power analysis using GPower (effect size d=.60, α = .05, onetailed; Erdfelder, 1996) and sample sizes (≤100) in similar studies (Bates, 2005; Lenzenweger,
2000). Individuals older than 32 years were excluded from the sample as previous research has
shown that the peak incidence for schizophrenia in males is between 20 and 24 years and
between 29 and 32 years in females (see Stilo & Murray, 2010 for a review). Therefore,
individuals who are older than 32 years are less likely to convert to SSDs in the future.
Individuals who had known disruptions in tactile abilities (e.g., neuropathy, nerve damage) were
also excluded from the study as the ability touch and detect various surfaces is required for the
somatosensory tasks; none of the recruited individuals presented with such concerns or
disruptions. The composition of the present sample reflects the diversity of the student
population at Brooklyn College (see Table 1). Descriptive statistics of schizotypal trait subscales
and factors, depressive symptoms, and anxiety symptoms are provided in Table 2. Overall, the
present findings are comparable to prior studies that implemented the Likert version of the
Schizotypal Personality Questionnaire (SPQ; Wuthrich & Bates, 2005; Wuthrich & Bates, 2006);
see Figure 1 for a distribution of SPQ subscale scores. Findings remained unchanged with the
outliers excluded. Each of the participants provided Informed Consent in accordance with
Brooklyn College IRB policies and procedures.
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Table 1
Demographic Characteristics
Total Sample (N = 125)
20.55 (3.27)

MEAN AGE (SD)
SEX, n (%)
Male
Female

37 (29.6%)
88 (70.4%)

Right
Left

115 (92%)
10 (8%)

Asian
Black/African American
Native Hawaiian/Pacific Islander
White
Other
EDUCATION, n (%)

33 (26.4%)
16 (12.8%)
1 (0.8%)
58 (46.4%)
17 (13.6%)

Some college, technical, trade, or vocational school

109 (87.2%)

Associate’s Degree
Bachelor’s Degree
YEARLY HOUSEHOLD INCOME, n (%)
Under $10,000
$10,000-24,999
$25,000-39,999
$40,000-69,999
$70,000-100,000
Over $100,000
PRIMARY ENGLISH SPEAKER, n (%)
Yes
No

9 (7.2%)
7 (5.6%)

HANDEDNESS, n (%)
RACE, n (%)

5 (4.0%)
26 (20.8%)
24 (19.2%)
29 (23.2%)
25 (20.0%)
12 (9.6%)
69 (55.2%)
56 (44.8%)

Table 2
Mean Scores (Standard Deviation) for the SPQ Subscales and Mood Symptoms
Total (n=125)
SPQ-Total§
113.66 (37.94)
SPQ-CP
51.23 (17.91)
SPQ-I
38.87 (15.29)
SPQ-D
23.55 (11.59)
DASS-D
7.30 (7.73)
DASS-A
7.77 (5.98)
§
Range = 13 – 218; 90th percentile = 161.40
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Note. DASS-A: Depression Anxiety Stress Scale – Anxiety symptoms; DASS-D: Depression
Anxiety Stress Scale – Depressive symptoms; Mood Symptoms: DASS-D and DASS-A; SPQ:
Schizotypal Personality Questionnaire; SPQ-CP: Schizotypal Personality QuestionnaireCognitive-Perceptual Factor; SPQ-D: Schizotypal Personality Questionnaire-Disorganized
Factor; SPQ-I: Schizotypal Personality Questionnaire-Interpersonal Factor.

Figure 1. Mean Schizotypal Personality Questionnaire (SPQ) subscale scores with error bars
representing ± 2 standard errors from the mean.
Materials
Somatosensory Tasks. Participants completed a hierarchy of tasks aimed to dissociate SI
(i.e., texture and spatial discrimination) from SII and posterior parietal (i.e., letter recognition
task) involvement, and to examine how somatosensory performance varies as a function of
increasing complexity. For all somatosensory tasks, participants were seated at a table with the
tactile stimuli occluded from participants’ view (Master et al., 2010). Participants scanned each
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surface once with their right hand, with freely determined contact force and scanning velocity.
Headphones were used to cancel any extraneous noise. For both texture and spatial
discrimination tasks, participants slid the fingertip of their index finger on the first stimulus
surface and then subsequently on the second stimulus, and discriminated the textures by
reporting which surface was more rough, or the spatial gratings by reporting the orientation of
the bars (i.e., horizontal or vertical), respectively.
Texture Discrimination Task. Stimuli were 13 sandpaper surfaces (7.5cm x 3.0cm; SIA
abrasives industries®) with grit sizes ranging from 18µm (smoothest) to 195µm (roughest), with
46µm as the reference. The grit sizes correspond to standardized P-grades (Federation of
European Producers of Abrasives): P1000=18µm, P800, P600, P500, P400, P320, P240 =
40.5µm reference, P220, P180, P150, P120, P100, and P80=195µm (Libouton, Barbier, Plaghki,
& Thonnard, 2010). A double interlaced adaptive staircase procedure based on a two-alternative
forced choice paradigm determined two texture discrimination thresholds (TDT): one for rough
surfaces (TDT-R; P<240) and one for smooth surfaces (TDT-S; P>240). The P240 reference
surface was randomly presented on the right or left side of each trial. The P800 and P100 were
presented first for the smooth and rough staircases, respectively, alternated for each trial. The
TDT is the amount of change required to produce a 75% just noticeable difference (75%jnd) in
particle size between the test and reference surface textures. In each staircase, if the response was
incorrect, the stimulus difference was increased; after three correct responses (not necessarily
consecutive), the stimulus difference was reduced. The trial was discontinued when, in the same
staircase (smooth or rough), the number of increases and decreases in stimulus differences (after
the first mistake) was equal (Zwislocki & Relkin, 2001). Performance has been shown to be
unrelated to age and no gender differences were detected (Libouton et al., 2010).
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Spatial Discrimination Task. Stimuli were 14 different spatial gratings (35mm x 35mm)
embossed on flexible photopolymer printing material using a commercial photo etching process
(B.W. Johnson, Joplin, MO). The ridge widths (i.e., raised bar with a 1.5 mm relief) and the
groove widths (i.e., ridge distance in mm) were equal for each grating. The ridge/groove widths
(in mm) were as follows: 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 2.25, 2.50, 2.75, 3.00, 3.50, 4.00,
4.50, and 5.00. The gratings were presented either along the vertical axis of the finger, or the
perpendicular (i.e., orthogonal) axis of the finger, in a pseudo-randomized order. The trials began
with the largest grating (5.0 mm). They were presented for 10 trials with half of the trials, the
stimuli were presented along the axis of the finger and for the other half of the trials, the stimuli
were presented perpendicular to the finger axis. Participants’ responses to each trial were
recorded to calculate the probability of correct orientation responses. After 10 trials, the next
smaller grating was presented following the same procedure. The task ended when the
participants’ probability of correctly identifying the orientation reached 50%. The 75% accuracy
was then interpolated using the following formula (Bleyenheuft et al., 2006): gbelow + [(0.75 –
pbelow)/ (pabove – pbelow)]*(gabove – gbelow), where p=probability of a correct orientation response, g
= grating, above = grating width eliciting nearest to ≥75% accuracy, and below = grating width
eliciting nearest to ≤75% accuracy. Thus, lower SDT scores indicate better spatial discrimination
performance.
Letter Recognition Task. Stimuli were four sets of 26 capital letters in Arial font (sans
serif), embossed (same as photo etching process described above), and raised 1.0 mm above the
background (Johnson & Phillips, 1981). The sets vary by letter height (“font size”), namely 3.0,
4.5, 6.0 and 8.0 mm, based on established typical psychophysical thresholds for correctly
identifying letters (Johnson & Phillips, 1981). The accuracy of letter recognition is low for small
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letters [P(3.0mm)≈.30], better for midsize letters [P(4.5mm)≈.48, P(6.0mm)≈.60], and high
(above the typical psychophysical threshold of P=.75) for the largest letters [P(8.0mm)≈.85].
Participants were presented with one letter at a time in a predetermined randomized order
and asked to scan the letter with the tip of their right index finger, from left to right, and identify
the letter as quickly as possible. Participants did not receive feedback on the trials. Each of the
letters was presented once (104 trials). Learning effects after repeated exposure to the letter
stimuli is expected to be minimal (~4%; Vega-Bermudez, Johnson, & Hsiao, 1991b). Accuracy
for each of the four letter sets was assessed as a percentage correct (out of 26).
Symptoms. Assessment of schizotypal traits, and depressive and anxiety symptoms were
assessed using self-report measures.
Schizotypal Personality Questionnaire (SPQ). The SPQ is a 74-item self-report measure
of schizotypal traits based on the DSM-III-R diagnostic criteria of SPD. Items assessing nine
criteria comprise subscales that cluster within three core schizotypy factors of interpersonal,
cognitive/perceptual, and disorganized traits. The Cognitive-Perceptual factor (SPQ-CP) includes
ideas of reference, odd beliefs/magical thinking, unusual perceptual experiences, and paranoid
ideation, which captures positive schizotypy. The Interpersonal factor (SPQ-I) includes no close
friends, constricted affect, social anxiety, and paranoid ideation, which captures negative
schizotypy. The Disorganized factor (SPQ-D) includes odd or eccentric behavior, and odd
speech (Vollema & Hoijtink, 2000). Subscale and factor scores were derived by summation of
relevant items, respectively. A total score ≥90th percentile is considered to be within the
psychometric high-risk range for developing a SSD; conversely, a total score ≤10th percentile is
considered to be within a very low psychometric risk range (Raine, 1991). A dimensional version
of the SPQ assessed schizotypal traits on a 5-point scale ranging from 0 (strongly disagree) to 4
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(strongly agree), with a total score ranging from 0 to 296 (Wuthrich & Bates, 2005; Wuthrich &
Bates, 2006). This version provides scores that are highly correlated with the original
dichotomous version (r = .99; Wuthrich & Bates, 2005), and better internal reliability across the
subscales (α coefficients = 0.75 to 0.92) as compared to the original dichotomous version (α
coefficients = 0.58 to 0.90; Wuthrich & Bates, 2005). Younger age tends to be associated with
higher scores (r = -.26, p< .001; Wuthrich & Bates, 2005). Thus, analyses include age as a
covariate.
Depression Anxiety Stress Scales (DASS). The DASS is a 42-item measure of
depressive, anxious, and stress symptoms and severity (Lovibond & Lovibond, 1995).
Participants reported feelings present over the past week on a 3-point Likert scale ranging from 0
(did not apply to me at all) to 3 (applied to me very much, or most of the time). Both the
depressive and anxiety symptom subscales are comprised of 14 items, with a total score ranging
from 0 to 42 for each of the subscales. The DASS exhibits strong internal consistency for
Depression (α coefficient = 0.97) and Anxiety (α coefficient = 0.95) subscales (Antony, Bieling,
Cox, Enns, & Swinson, 1998). The scale was developed to represent the dimensional constructs
of emotional syndromes (i.e., depression, anxiety, stress), and, therefore, clinical cut-off scores
are not typically reported. However, for clinical purposes, severity ratings have been
characterized as the following for depressive symptoms: 0 to 9 is ‘normal’, 10 to 13 is ‘mild’, 14
to 20 is ‘moderate’, 21 to 27 is ‘severe’, and 28 or greater is ‘extremely severe’. For anxiety
symptoms, 0 to 7 is ‘normal’, 8 to 9 is ‘mild’, 10 to 14 is ‘moderate’, 15 to 19 is ‘severe’, and 20
or greater is ‘extremely severe’ (Lovibond & Lovibond, 1995).
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Dermatoglyphic Features. Participants rolled the index finger of the right hand on the
Perfect Print Fingerprint Pad, PI-30 (with invisible Perfect Ink) onto the specialized chemical
developer paper. The following features were assessed.
Total finger ridge count (TFRC). The triradius (i.e., outermost meeting point of three
ridges) and the core (i.e., center of the fingerprint pattern) were used as endpoints for finger ridge
counting. Total finger ridge count (TFRC) was the sum of finger ridges crossing a line drawn
from the triradius to the core; only the highest value was included if a finger had more than one
triradius (i.e., whorl pattern). Arch patterns lack triradii and have a ridge count of zero (Cummins
& Midlo, 1943).
Pattern intensity (PI). The total number of triradii on the fingertip.
Ends to junctions ratio (REJ). Ridge terminations were counted as ‘ends,’ and merging
of ridges were counted as ‘junctions’ within an apical 60° angle drawn from the core of the
fingerprint pattern. The ratio of ends to junctions is then derived (Loesch & Martin, 1984).
Minutiae intensity (MI). The total number of ends and junctions within the 60° angle
drawn on the print.
Ridge-groove width ratio (RG). Ridges are the lines that appear on the print, and grooves
are the spaces between the ridges. Possible RG scores range from 1 to 3 on an ordinal scale, with
1 indicating that the grooves are wider than the ridges, 2 indicating approximately equal ridge
and groove widths, and 3 indicating that the ridges are wider than the grooves (Loesch & Martin,
1984).
Confusion Errors. Letter recognition patterns were recorded separately for the four letter
sizes for each participant in confusion matrices representing the number of times that the
stimulus (Si) elicits the response (Ri). The rates of isomorphic (e.g., ‘B’ called ‘D’) and non-
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isomorphic errors (e.g., ‘K’ called ‘P’) were examined based on previously published matrices
(Master et al., 2010; Vega-Bermudez et al., 1991a).
Validity and Effort Measures
Chapman Infrequency Scale (CIS). The CIS is a 13-item dichotomous (true/false)
measure used to identify participants who may be responding in a random, careless, or invalid
manner (Chapman & Chapman, 1983). As in previous research (Cohen & Davis, 2009; Cohen,
Matthews, Najolia, & Brown, 2010), an abbreviated version was implemented; participants who
endorsed two or more of three items were excluded from the final sample. These items were
embedded within the SPQ, as it is the longest self-report measure and of primary interest in
hypotheses. This is intended to maximize validity of responses for the administered self-report
measures.
Intrinsic Motivation Inventory (IMI). The IMI is a flexible measure consisting of items
rated on a 7-point scale ranging from 1 (not at all true) to 7 (very true) that is used to assess
individuals’ subjective experience pertaining to experimental tasks (www.psych.rochester.edu/).
Participants completed an abbreviated 10-item version at the end of the study to examine
whether participants’ subjective experience covaried with performance on somatosensory tasks.
Of the 10 items, 4 items were reverse coded. Higher scores indicated greater motivation and
interest in the study.
Procedure
Participants who volunteered and registered for the study via the CUNY Sona System
visited the lab setting at Brooklyn College at their scheduled appointment time. Written informed
consent was obtained before commencement of study procedures. The study procedures were
approved by the Institutional Review Board of Brooklyn College - CUNY.
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Participants were asked to provide basic demographic information (e.g., age, sex,
handedness, ethnicity). They then completed the study procedures (approximately 1.5 hours total
in duration) in the following order: 1) letter recognition task (approximately 30 minutes), 2) SPQ
– Likert version self-report measure with CIS questions embedded (approximately 10 minutes),
3) texture and spatial discrimination tasks (approximately 30 minutes), 4) DASS self-report
measure (approximately 10 minutes), 5) dermatoglyphic measures (approximately 5 minutes).
The order of the tasks was determined based on the priority of the aims of the study, taking into
account the potential fatigue of the participants. Accordingly, the letter recognition task was
administered first as it was the longest and thought to be the most complex of the somatosensory
tasks. The SPQ was then administered as all of the aims of the project hinged on participants’
completion of this questionnaire. Somatosensory tasks and self-report measures were completed
in alternation, also in the hopes that participants would not fatigue on either type of
methodology. All data collection was completed in a laboratory setting with a trained
undergraduate research assistant and/or graduate student. The undergraduate/graduate student
researcher then debriefed the participants, including a brief assessment of the participants’
motivation and fatigue during the procedures, provided a list of mental health resources, and
answered any additional questions of participants. The study protocol took approximately 2
hours, including consent process, administration of study procedures, educational debriefing,
assessment of motivation/fatigue and provision of mental health resources.
Statistical Analyses
To minimize the likelihood that participants responded in a random or careless manner,
the accuracy of response to the CIS items were examined. To examine whether participants’
subjective experiences covary with performance on somatosensory tasks, Pearson bivariate and
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Spearman correlations assessed the associations of IMI responses with somatosensory task
performances.
To better characterize somatosensory processing in relation to schizotypal traits (Aim 1),
Pearson bivariate and Spearman correlations first assessed the relations among somatosensory
tasks to determine shared (and non-shared) variability. Subsequent linear regression analyses
assessed the extent to which the somatosensory indices account for variability in schizotypal
traits, as well as the extent to which each of the somatosensory indices account for unique
variability in total schizotypal traits by examining the significance (α = .05) of the regression
equation (i.e., r2, F), partial correlations, standardized Beta weights, and an effect size measure
that can be derived from the r (to interpret which independent variables account for greater
variance in schizotypal traits). The texture discrimination thresholds (i.e., smooth and rough),
spatial discrimination thresholds, and letter recognition scores (i.e., four letter sizes) were entered
into the same block and the total schizotypal traits was the dependent variable.
To examine the specificity of associations of somatosensory performance with
schizotypal trait dimensions, independent of non-psychotic-like (mood) symptoms (Aim 2),
Pearson bivariate correlations first assessed the associations among psychiatric symptoms to
determine shared (and non-shared) variability. Subsequent hierarchical multiple regression
analyses using enter method examined the unique contribution of the somatosensory tasks (i.e.,
texture and spatial discrimination, and letter recognition) to the endorsement of positive, negative
and disorganized schizotypal traits (separate dependent variables), while accounting for the
potential covariance of depressive and anxiety symptom ratings with schizotypal traits. The
significance (α = .05) of change statistics (i.e., r2 change, F change), partial correlations,
standardized Beta weights, and an effect size measure that can be derived from the r (to interpret
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which independent variables account for greater variance in each of the three schizotypal trait
dimensions) were examined.
To elucidate the degree to which somatosensory processing was influenced by peripheral
and central mechanisms (Aim 3), Pearson bivariate and Spearman correlations examined the
associations of dermatoglyphic features with basic somatosensory performance, as well as the
associations of confusion errors with basic somatosensory performance. Demographic (e.g., age)
variables were examined as covariates and entered in hierarchical multiple regression analyses as
indicated to clarify relative contributions to hypothesized associations. Dermatoglyphic features
and confusion errors were also entered simultaneously in a block to account for their potential
contributions to associations between somatosensory processing variables and schizotypal traits.
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CHAPTER III
RESULTS
(Please refer to the List of Abbreviations on page vii.)
Assessment of Validity, Reliability, and Motivation Measures
To minimize the likelihood of including participants who responded in a random,
careless, or invalid manner, responses on the CIS were examined. All of the participants
provided the expected pattern of responses on the three items embedded within the SPQ; thus,
none of the participants were excluded due to questionable validity. The SPQ subscales exhibit
strong internal consistency for SPQ-CP (α coefficient = 0.90), SPQ-I (α coefficient = 0.91), and
SPQ-D (α coefficient = 0.92). The DASS also exhibits strong internal consistency for Depression
(α coefficient = 0.92) and Anxiety (α coefficient = 0.81) subscales.
Correlational analyses were conducted in order to assess whether participants’ subjective
experiences pertaining to the experiment were associated with their performances on
somatosensory tasks. Scores on the IMI (M = 55.19, SD = 7.67) were not significantly associated
with letter recognition abilities, spatial discrimination thresholds, rough texture discrimination
thresholds, or smooth texture discrimination thresholds. As such, it does not appear as if interest
or motivation regarding the experiment contributed to participants’ performances on the
somatosensory tasks.
Assessment for Normality
To assess for normality of distributions of scores, skewness and kurtosis values were
examined for all variables. A variable was determined to approximate normality if the skewness
statistic was ≤ |1| and the kurtosis statistic was ≤ |3|. According to these criteria, the following
variables did not meet the assumptions of normality: SDT, DASS-D, DASS-A, 3 mm total
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correct, 3 mm isomorphic errors, and REJ. As such, Box-Cox transformations were performed
for the variables that did not meet the assumptions for normality. The transformed variables, all
of which subsequently met assumptions of normality following transformation, were used for
subsequent analyses (Osborne, 2010). TDT-R and TDT-S were measured on an ordinal scale and
coded such that lower thresholds indicate better performance thresholds. As such, nonparametric Spearman correlation analyses were conducted for the examination of bivariate
correlations of TDTs with other variables. Parametric tests were used for all other analyses.
Examination of Outliers
Scores on all variables were examined to identify statistical outliers (i.e., individuals
scoring ± 3 standard deviations from the mean). Analyses were conducted both with and without
outliers (n = 3 total excluded) included to examine potential influences. There were no other
outliers identified.
Examination of Age as a Covariate
Given previous findings indicating associations between age and expression of
schizotypal traits, correlations between age and schizotypal trait endorsement were examined to
determine possible inclusion of age as a covariate. Age did not meet the assumptions of
normality; as such, non-parametric Spearman correlations were conducted. Age was not
significantly associated with positive, negative, disorganized, or total schizotypal trait factors (all
p’s> .05). Therefore, age was not included as a covariate for subsequent analyses.
Relations Among Somatosensory Tasks
As seen in Table 3, lower SDTs (i.e., better performance) were associated with better
performance on the letter recognition task. These findings were consistent for each of the four
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letter sizes. There were no other significant associations among somatosensory measures.
Findings remained unchanged with the outliers excluded.
Table 3
Associations Among Somatosensory Measures, r(p)
LR-Total Correct
LR-8mm Correct
LR-6 mm Correct
LR-4.5 mm Correct
LR-3 mm Correct
TDT-S
TDT-R
§
Spearman correlational analyses

SDT
-.32 (≤ .001)
-.29 (.001)
-.34 (≤ .001)
-.25 (.006)
-.27 (.003)
.04 (.66)
-.13 (.15)

TDT-R§
-.01 (.95)
.03 (.75)
.04 (.69)
-.02 (.87)
-.06 (.51)
.10 (.30)

TDT-S§
.02 (.80)
.01 (.91)
.05 (.58)
.01 (.92)
.05 (.63)

Note. Level of significance (α) = .05, two-tailed. LR-Total Correct: Letter Recognition-Total
Correct; SDT: Spatial Discrimination Threshold; TDT-R: Texture Discrimination ThresholdRough; TDT-S: Texture Discrimination Threshold-Smooth; two-tailed analyses.
Associations of Somatosensory Measures with Schizotypal Traits
As seen in Table 4, somatosensory measures (i.e., LR-Total Correct, SDT, TDT-R, TDTS) did not account for a significant proportion of variability in total schizotypal traits. An
examination of specific predictor variables yielded no significant findings (p’s > .05). When
letter recognition scores for each of the four letter sizes were included in the model, there were
no significant findings (p’s > .05). Findings remained unchanged with the outliers excluded.
Somatosensory measures did not account for a significant proportion of variability in
positive schizotypal traits (see Table 4). An examination of specific predictor variables yielded
no significant findings (p’s > .05). When letter recognition scores for each of the four letter sizes
were included in the model, there were no significant findings (p’s > .05). Findings remained
unchanged with the outliers excluded.
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Somatosensory measures did not account for a significant proportion of variability in
negative schizotypal traits (see Table 4). An examination of specific predictor variables yielded
no significant findings (p’s > .05). When letter recognition scores for each of the four letter sizes
were included in the model, there were no significant findings (p’s > .05). Findings remained
unchanged with the outliers excluded.
Somatosensory measures did not account for a significant proportion of variability in
disorganized schizotypal traits (see Table 4). An examination of specific predictor variables
indicated that the spatial discrimination threshold accounted for a significant proportion of
variability in disorganized schizotypal traits. There were no other significant findings (p’s > .05).
Similarly, when letter recognition scores for each of the four letter sizes were included in the
model, spatial discrimination threshold accounted for a significant proportion of variability in
disorganized traits. Findings remained unchanged with the outliers excluded.
Table 4
Regression Analyses Examining the Relative Contributions of Somatosensory
Task Performance to Schizotypal Traits

Somatosensory
performance

SPQ-Total
SPQ-CP
SPQ-I
2
2
R = .03
R = .03
R2 = .02
F(4, 111) = 0.78, F(4, 111) = 0.85, F(4, 111) = .64,
p=.54
p=.50
p=.64
Relative Contributions of Specific Variables
β
p rpartial
β
p rpartial
β
p rpartial

SPQ-D
R2 = .04
F(4, 111) = 1.17,
p=.33

β
LR-Total
-.07 .46 -.07 -.07 .51 -.06 -.04 .69 -.04
-.09
Correct
SDT -.14 .17 -.11 -.16 .11 -.15 -.003 .98 -.003 -.20
.09 .35 .09
.02
TDT-S .02 .82 .02 -.04 .65 -.04
-.10
TDT-R -.12 .23 -.11 -.08 .43 -.08 -.12 .21 -.12
Note. Findings in bold were statistically significant, α = .05. LR-Total Correct: Letter
Recognition-Total Correct; SDT: Spatial Discrimination Threshold; SPQ: Schizotypal
Personality Questionnaire; SPQ-CP: SPQ-Cognitive Perceptual Factor; SPQ-D: SPQ-

p

rpartial

.39

-.08

.05
.86
.29

-.19
.02
-.10
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Disorganized Factor; SPQ-I: SPQ-Interpersonal Factor; TDT-R: Texture Discrimination
Threshold-Rough; TDT-S: Texture Discrimination Threshold-Smooth.
Determining Covariance and Relative Contributions of Mood Symptoms
Although some findings suggest that positive, negative, and disorganized schizotypy are
independent factors among nonclinical samples (e.g., Dinn et al., 2002), others do not support
this contention (e.g., Daly et al., 2012; Matheson & Langdon, 2008). As seen in Table 5, the
present findings suggest interrelatedness among the SPQ factors. That is, individuals who tended
to endorse elevated schizotypal traits on one factor also tended to endorse traits on other(s).
Furthermore, given prior studies (e.g., Cohen & Matthews, 2010; Daly et al., 2012) that have
demonstrated covariance among schizotypal traits and mood symptoms, analyses examined the
associations of depressive (i.e. DASS-D scores) and anxiety symptoms (i.e. DASS-A scores)
with schizotypal trait factors. As seen in Table 5, schizotypal traits were significantly
intercorrelated with mood symptoms, whereby greater schizotypal trait endorsement was
associated with greater mood symptoms, as shown in prior studies. Findings remained
unchanged with the outliers excluded.
Total Schizotypal Traits. As seen in Table 6, mood symptoms accounted for a
significant proportion of the variability in total schizotypal traits. Somatosensory task
performances did not account for a significant proportion of the variability in total schizotypal
traits above and beyond mood symptoms. An examination of specific variables indicated that
anxiety and depressive symptoms, and, at trend level, TDT-R accounted for a significant
proportion of variability in total schizotypal traits. With the outliers excluded, findings for
depressive symptoms and TDT-R were no longer significant (p’s > .05).
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Positive Schizotypal Traits. Mood symptoms accounted for a significant proportion of
the variability in positive schizotypal traits (see Table 6). Somatosensory task performances did
not account for a significant proportion of the variability in positive schizotypal traits above and
beyond mood symptoms. An examination of specific predictor variables indicated that anxiety
symptoms accounted for a significant proportion of variability in positive schizotypal traits.
Findings remained unchanged with the outliers excluded.
Negative Schizotypal Traits. Mood symptoms accounted for a significant proportion of
the variability in negative schizotypal traits (see Table 6). Somatosensory task performances did
not account for a significant proportion of the variability in negative schizotypal traits above and
beyond mood symptoms. An examination of specific predictor variables indicated that anxiety
and depressive symptoms, and, at trend level, TDT-R accounted for a significant proportion of
variability in negative schizotypal traits. With the outliers excluded, the finding for TDT-R was
no longer significant at trend level (p> .10).
Disorganized Schizotypal Traits. Mood symptoms accounted for a significant
proportion of the variability in disorganized schizotypal traits (see Table 6). Somatosensory task
performances did not account for a significant proportion of the variability in disorganized
schizotypal traits above and beyond mood symptoms. An examination of specific predictor
variables indicated that anxiety symptoms, and, at trend level, SDT accounted for a significant
proportion of variability in disorganized schizotypal traits. With the outliers excluded, the
finding for SDT was no longer significant at trend level (p> .10).
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Table 5
Associations Among Schizotypy Factors and Mood Symptoms
SPQ-I
SPQ-D
DASS-D
DASS-A
***p ≤ .001

SPQ-CP
.47***
.60***
.40***
.55***

SPQ-I

SPQ-D

DASS-D

.68***
.60***
.56***

.43***
.58***

.61***

Note. Level of significance (α) = .05, one-tailed. DASS-A: Depression Anxiety Stress Scale –
Anxiety symptoms; DASS-D: Depression Anxiety Stress Scale – Depressive symptoms; Mood
Symptoms: DASS-D and DASS-A; SPQ: Schizotypal Personality Questionnaire; SPQ-CP: SPQCognitive-Perceptual Factor; SPQ-D: SPQ-Disorganized Factor; SPQ-I: SPQ-Interpersonal
Factor.

Table 6
Regression Analyses Examining the Relative Contributions of Mood and Somatosensory Task Performance to Schizotypal Traits
SPQ-Total
SPQ-CP
SPQ-I
SPQ-D
2
2
2
R = .46
R = .29
R = .41
R2 = .35
Block 1:
F(2, 112) = 47.23,
F(2, 112) = 23.25,
F(2, 112) = 38.59, F(2, 112) = 30.27,
Mood symptoms
p < .001
p < .001
p < .001
p < .001
R2change = .03
R2change = .02
R2change = .03
R2change = .03,
Block 2:
F(4, 108) = 1.36,
F(4, 108) = 0.84,
F(4, 108) = 1.54,
F(4, 108) = 1.39,
Somatosensory performance
p = .25
p = .50
p = .20
p = .24
Relative Contributions of Specific Variables to Overall Model
β
p
rpartial
β
p
rpartial β
p
rpartial β
p
rpartial
DASS-D .26
.006
.26
.07
.53
.06 .48 <.001 .43 .12
.25
.11
DASS-A .49 <.001 .46
.49 <.001 .41 .25 .009
.25 .51 <.001 .44
LR-Total Correct .04
.59
.05 -.004 .97 -.004 .11
.17
.13 -.01 .93
-.01
SDT -.09
.23
-.12 -.13
.14
-.14 .04
.58
.05 -.16 .06
-.18
TDT-S .04
.61
.05
-.01
.89
-.01 .07
.37
.09 .05
.55
.06
TDT-R -1.32 .06
-.18 -.09
.26
-.11 -.13 .07
-.17 -.12 .14
-.14
Note. Findings in bold were statistically significant, α = .05. DASS-A: Depression Anxiety Stress Scale – Anxiety symptoms;
DASS-D: Depression Anxiety Stress Scale – Depressive symptoms; Mood Symptoms: DASS-A and DASS-D; LR-Total
Correct: Letter Recognition-Total Correct; SDT: Spatial Discrimination Threshold; SPQ: Schizotypal Personality
Questionnaire; SPQ-CP: SPQ-Cognitive Perceptual Factor; SPQ-D: SPQ-Disorganized Factor; SPQ-I: SPQ-Interpersonal
Factor; TDT-R: Texture Discrimination Threshold-Rough; TDT-S: Texture Discrimination Threshold-Smooth.
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Determining Covariance of Dermatoglyphic Features and Confusion Errors with
Somatosensory Performances
Pearson and Spearman bivariate correlations assessed the associations among
dermatoglyphic features and somatosensory tasks to determine shared (and non-shared)
variability. As seen in Table 7, greater minutiae intensity was significantly associated with better
performance on the letter recognition task. Greater ridge-to-groove width ratio was significantly
associated with better performance on the SDT. Greater TFRCs were significantly associated
with better performance on the TDT-R. At the trend level, a greater number of ends was
associated with better performance on the letter recognition task. There were no other significant
associations among dermatoglyphic features and somatosensory measures (p’s > .05). Findings
remained unchanged with the outliers excluded.
Pearson and Spearman bivariate correlations assessed the associations among letter
recognition confusion errors and somatosensory tasks to determine shared (and non-shared)
variability. As seen in Table 8, greater isomorphic and non-isomorphic errors were significantly
associated with poorer performance on the letter recognition task. Given that the extent to which
letter recognition abilities rely on peripheral mechanisms varies by letter size (e.g., Loomis,
1990; Master et al., 2010), associations of confusion errors and letter recognition abilities for
each of the letter sizes were examined. As expected, a greater number of isomorphic errors was
significantly associated with poorer performance for the smallest (3 mm) letter size, and, at trend
level with poorer performance on 4.5 mm and 8 mm letter sizes. There was no association
between isomorphic errors and performance on the 6 mm task. A greater number of nonisomorphic errors was significantly associated with poorer performance on the letter recognition
task for all letter sizes. A greater number of non-isomorphic errors was significantly associated
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with poorer performance on the SDT. A greater number of isomorphic errors was significantly
associated with better performance on the TDT-R. There were no other significant associations
among confusion errors and somatosensory measures (p’s > .05). With the outliers excluded,
isomorphic errors and performance on the letter recognition task were associated at the trend
level, r(121) = -.16, p = .08.
Table 7
Associations Among Somatosensory Measures and Dermatoglyphic Features, r(p)
LR-Total Correct
Pattern Intensity
-.02 (.84)
Minutiae
.21 (.04)
RG
-.10 (.31)
Ends
.20 (.06)
Junctions
.14 (.18)
REJ
.12 (.28)
TFRC
.07 (.47)
§
Spearman correlational analyses

SDT
.06 (.54)
-.12 (.28)
-.23 (.02)
-.12 (.27)
-.07 (.52)
-.06 (.58)
.03 (.79)

TDT-R§
-.09 (.33)
-.05 (.66)
.06 (.52)
-.15 (.17)
.07 (.54)
-.17 (.11)
-.18 (.05)

TDT-S§
-.03 (.72)
.04 (.73)
.05 (.60)
.12 (.27)
-.09 (.40)
.07 (.50)
<.01 (p >.99)

Note. Findings in bold were statistically significant, α = .05; findings in italics were significant at
trend level (p ≤ .10), two-tailed analyses. LR-Total Correct: Letter Recognition-Total Correct;
SDT: Spatial Discrimination Threshold; TDT-R: Texture Discrimination Threshold-Rough;
TDT-S: Texture Discrimination Threshold-Smooth; RG: Ridge to Groove Width Ratio; REJ:
Ends to Junctions Ratio; TFRC: Total Finger Ridge Count
Table 8
Associations Among Somatosensory Measures and Confusion Errors, r (p)

Isomorphic
Errors
NonIsomorphic
Errors

LRTotal
Correct
-.19
(.03)

3 mm
-.27
(.003)

4.5 mm
-.16
(.07)

6 mm
-.12
(.17)

8 mm
-.16
(.08)

SDT
-.02
(.81)

TDT-R
-.22
(.02)

TDT-S
-.03
(.74)

-.96
(<.001)

-.77
(<.001)

-.90
(<.001)

-.92
(<.001)

-.88
(<.001)

.33
(<.001)

.03
(.70)

-.02
(.83)
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§

Spearman correlational analyses

Note. Findings in bold were statistically significant, α = .05; findings in italics were significant at
trend level (p ≤ .10), two-tailed analyses. LR-Total Correct: Letter Recognition-Total Correct;
SDT: Spatial Discrimination Threshold; TDT-R: Texture Discrimination Threshold-Rough;
TDT-S: Texture Discrimination Threshold-Smooth; RG: Ridge to Groove Width Ratio; REJ:
Ends to Junctions Ratio; TFRC: Total Finger Ridge Count
Summary of Statistical Predictors of Schizotypal Traits: Dermatoglyphic Features,
Confusion Errors, Mood Symptoms and Somatosensory Tasks
As seen in Table 9, hierarchical multiple regression analyses examined the unique
contribution of the dermatoglyphic features and confusion errors (block 1), mood symptoms
(block 2), and somatosensory indices (block 3) to the endorsement of total, positive, negative and
disorganized schizotypal traits.
Total Schizotypal Traits. Dermatoglyphic features and confusion errors did not account
for a significant proportion of variability in total schizotypal traits. Mood symptoms accounted
for a significant proportion of the variability in total schizotypal traits after controlling for the
effects of dermatoglyphic features and confusion errors. Somatosensory task performances also
accounted for a significant proportion of the variability in total schizotypal traits above and
beyond previously entered variables. An examination of specific predictor variables indicated
that anxiety symptoms, depressive symptoms, TDT-R, and total isomorphic errors accounted for
a significant proportion of variability in total schizotypal traits. Findings were unchanged with
the outliers excluded.
Positive Schizotypal Traits. Dermatoglyphic features and confusion errors did not
account for a significant proportion of variability in positive schizotypal traits. Mood symptoms
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accounted for a significant proportion of the variability in positive schizotypal traits after
controlling for the effects of dermatoglyphic features and confusion errors. Somatosensory task
performances did not account for a significant proportion of the variability in positive
schizotypal traits above and beyond previously entered variables. An examination of specific
variables indicated that anxiety symptoms accounted for a significant proportion of variability in
positive schizotypal traits. At the trend level, minutiae, depressive symptoms, SDT, and TDT-R
accounted for a significant proportion of variability in positive schizotypal traits. Findings
remained unchanged with the outliers excluded.
Negative Schizotypal Traits. Dermatoglyphic features and confusion errors did not
account for a significant proportion of variability in negative schizotypal traits. Mood symptoms
accounted for a significant proportion of the variability in negative schizotypal traits after
controlling for the effects of dermatoglyphic features and confusion errors. Somatosensory task
performances accounted for a significant proportion of the variability in negative schizotypal
traits above and beyond previously entered variables. An examination of specific predictor
variables indicated that anxiety symptoms, depressive symptoms, TDT-R, and total isomorphic
errors accounted for a significant proportion of variability in negative schizotypal traits. Findings
remained unchanged with the outliers excluded.
Disorganized Schizotypal Traits. Dermatoglyphic features and confusion errors did not
account for a significant proportion of variability in disorganized schizotypal traits. Mood
symptoms accounted for a significant proportion of the variability in disorganized schizotypal
traits after controlling for the effects of dermatoglyphic features and confusion errors.
Somatosensory task performances also accounted for a significant proportion of the variability in
disorganized schizotypal traits above and beyond previously entered variables. An examination
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of specific predictor variables indicated that anxiety symptoms, depressive symptoms, SDT, and
TDT-R accounted for a significant proportion of variability in disorganized schizotypal traits.
With outliers excluded, ridge to groove width ratio also accounted for a significant proportion of
variability in disorganized schizotypal traits [β= -3.61, t = -1.77, p = .08]. Findings were
otherwise unchanged with the outliers excluded.

Table 9
Regression Analyses Examining the Relative Contributions of Dermatoglyphic Features and Confusion Errors, Mood
Symptoms, and Somatosensory Task Performance to Schizotypal Traits
SPQ-Total
Block 1:
Dermatoglyphic
features and
confusion errors
Block 2:
Mood symptoms
Block 3:
Somatosensory
performance
Minutiae
RG
Ends
TFRC
Isomorphic Errors
Non-Isomorphic
Errors
DASS-D

SPQ-CP

SPQ-I

SPQ-D

R2 = .03
R2 = .06
R2 = .02
F(6, 75) = .41,
F(6, 75) = .77,
F(6, 75) = .26,
p = .87
p = .60
p = .96
2
2
2
R change = .56
R change = .41
R change = .49
F(2, 73) = 53.52,
F(2, 73) = 28.04,
F(2, 73) = 36.26,
p < .001
p < .001
p < .001
R2change = .05
R2change = .04
R2change = .06
F(3, 70) = 3.55,
F(3, 70) = 1.88,
F(3, 70) = 2.94,
p = .02
p = .14
p = .04
Relative Contributions of Specific Variables to Overall Model
β
p
rpartial
β
p
rpartial
β
p
rpartial
.23
.09
.18
.31
.06
.23
.05
.77
.04
-.04
.62
-.03
.02
.82
.03 -.002
.98
-.003
-.01
.94
.01
-.12
.45
-.09
.16
.30
.13
-.01
.86
-.01
-.01
.92
-.01
-.02
.85
-.02
-.18
.03
-.27
-.08
.41
-.10
-.26
.004
-.33

R2 = .02
F(6, 75) = .27,
p = .95
2
R change = .44
F(2, 73) = 29.54,
p< .001
R2change = .08
F(3, 70) = 3.90,
p = .01
β
.15
-.10
.03
.01
-.13

p
.33
.27
.87
.92
.15

rpartial
.12
-.13
.02
.01
-.17

-.01

.89

-.03

.05

.62

.06

-.13

.17

-.16

.04

.71

.04

.40

<.001

.43

.21

.09

.20

.55

<.001

.50

.28

.02

.27
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.51
.51 <.001
.46
.27
.02
.28
.48 <.001
.45
DASS-A .48 <.001
SDT -.12
.15
-.17
-.16
.10
-.19
.07
.44
.09
-.25
.01
-.29
TDT-S -.02
.82
-.03
-.05
.58
-.07
.05
.54
.07
-.05
.56
-.07
TDT-R -.23
.003
-.34
-.16
.08
-.21
-.24
.008
-.31
-.22
.02
-.28
Note. Findings in bold were statistically significant, α = .05; findings in italics were significant at trend level (p ≤ .10).
Letter recognition total correct was excluded secondary to excessive collinearity (i.e., isomorphic and non-isomorphic
confusion errors). DASS-A: Depression Anxiety Stress Scale – Anxiety symptoms; DASS-D: Depression Anxiety
Stress Scale – Depressive symptoms; LR-Total Correct: Letter Recognition-Total Correct; SDT: Spatial Discrimination
Threshold; RG: Ridge-Groove Width Ratio; SPQ: Schizotypal Personality Questionnaire; SPQ-CP: SPQ-Cognitive
Perceptual Factor; SPQ-D: SPQ-Disorganized Factor; SPQ-I: SPQ-Interpersonal Factor; TDT-R: Texture
Discrimination Threshold-Rough; TDT-S: Texture Discrimination Threshold-Smooth; TFRC: Total Finger Ridge
Count.
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CHAPTER IV
DISCUSSION
The Current Study Sample
The schizotypy scores in the present sample are consistent with those that have
previously been reported in undergraduate student samples (Wuthrich & Bates, 2005; Wuthrich
& Bates, 2006) and are thought to be of an adequate range to detect significant associations.
Most individuals with Schizotypal Personality Disorder (SPD) will score in the top 10% of the
distribution (41 or above) on the SPQ (Raine, 1991). Based on prior studies implementing the
Likert version of the SPQ, the top 10% (or 90th percentile) of the distribution corresponds to a
score of 165 or above. This version of the SPQ also demonstrated a high hit rate percentage of
identifying the top 10% of the sample when compared to the dichotomous version of the SPQ
(Wuthrich & Bates, 2005). Of the present sample, eight individuals (6.4%) had a score of 165 or
higher, and a score of 161 designated the 90th percentile. Although the schizotypy scores in the
present sample are somewhat lower than prior similar studies, they are generally consistent with
what would be expected in an undergraduate student sample. Given that the participants in the
study must be functioning well enough to not only be enrolled in college, but also sufficiently
motivated to participate in research for extra credit.
Overall, somatosensory performances in the present sample are consistent with prior
samples comprised of similarly aged, non-clinical individuals. A prior study of texture
discrimination thresholds (Libouton et al., 2010) found the average smooth threshold to be 14.7
± 8.5 µm (approximately discriminating P500 from P320) and the average rough threshold to be
43.5 ± 32.5 µm (approximately discriminating P180 from P320). Also, participants demonstrated
a higher performance rate in identifying smaller differences in the smooth staircase as compared
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to the rough staircase. In the present sample, participants were more likely to correctly
discriminate the smallest difference in grit sizes, thus exceeding the limit of resolution of the
stimuli, for the smooth staircase (76.0%) than for the rough staircase (61.6%), which also
suggests a higher performance rate for the smooth staircase as compared to the rough staircase.
However, the average threshold at which the present sample was able to discriminate the
stimulus surface from the reference surface was comparable for the smooth (approximately 17.5
µm) and rough (approximately 17 µm) staircases. Thus, relative to Libouton and colleagues’
(2010) sample, the discrimination threshold of the present sample was comparable for the
smooth staircase but was much lower (i.e., better discriminability) for the rough staircase. Of
note, the variability in performances and age was quite large in the prior study. The participants’
ages ranged from 7 to 90 years old, but age was associated with texture discrimination thresholds
for either smooth or rough staircases. As such, it is unclear the extent to which age may be
contributing to the discrepancies across the samples.
With regards to the spatial discrimination task, the present sample performed similarly to
prior samples of nonclinical young adults (Libouton et al., 2010; Manning & Tremblay, 2006;
Van Boven & Johnson, 1994). More specifically, the average spatial discrimination threshold for
the present sample was 1.31 ± 0.37 µm, which is approximately consistent with a nonclinical
sample of young adults ages 16 to 39 (1.80 ± 0.70 µm) (Libouton et al., 2010), young adults ages
21 to 26 years old (1.2 ± 0.30 µm) (Manning & Tremblay, 2006), and a small sample (n=15) of
medical students (0.98 ± 0.12 µm) (Van Boven & Johnson, 1994).
Prior studies utilizing letter recognition tasks have varied the letter height (i.e., font
“size”) and depth, and chosen various subsets of letters, thus making direct comparisons more
challenging. However, in general, the present sample performed similarly to prior studies that
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implemented approximately the same letter dimensions and were comprised of nonclinical young
adults. That is, participants in the present study achieved, on the average, 25.54% accuracy for 3
mm, 42.35% accuracy for 4.5 mm, 54.73% accuracy for 6 mm, and 59.19% accuracy for 8 mm
letters with 1.0 mm depth. Prior studies have found approximately 30% accuracy for 3 mm
letters with 1.5 mm depth (Johnson & Phillips, 1981), approximately 42 and 48% accuracy for
4.5 mm letters with 0.5 and 1.5 mm depths, respectively (Johnson & Phillips, 1981; Phillips et
al., 1983), approximately 49 and 60% for 6 mm letters with 0.5 and 1.5 mm depths, respectively
(Johnson & Phillips, 1981; Vega-Bermudez et al., 1991), and approximately 85% accuracy for 8
mm letters with 1.5 mm depth (Johnson & Phillips, 1981). In sum, the present findings appear to
be more consistent with prior studies that utilized 0.5 mm depths rather than 1.5 mm depths in
which the skin of the fingers could not contact the background.
Present Findings
Summary. Overall, the present study revealed that somatosensory performances were, in
part, differentially associated with schizotypal trait dimensions as expected. Interestingly, and in
contrast to specific directional hypotheses, the pattern of associations among tactile
somatosensory processing abilities and schizotypal traits specifically indicated that better
performance on the spatial discrimination task was significantly associated with greater
endorsement of disorganized schizotypal traits. Furthermore, anxiety symptoms accounted for a
significant proportion of variability across all schizotypal trait dimensions, while depressive
symptoms accounted for a significant proportion of variability specifically in negative (and total)
schizotypal traits. After accounting for the relative contributions of mood symptoms to
schizotypal trait endorsement, at the trend level, better spatial discrimination and rough texture
discrimination abilities were associated with more disorganized and negative schizotypal traits,
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respectively. The differential pattern of associations between somatosensory abilities, anxiety
symptoms, depressive symptoms, and schizotypal trait dimensions was notable in light of the
high degree of interrelatedness among schizotypy dimensions and mood symptoms. As such, the
present findings suggest that somatosensory processes are not uniformly associated with
different dimensions of schizotypal traits in the nonclinical range.
Exploratory analyses examining the relative contributions of dermatoglyphic features and
letter recognition confusion errors, as indirect indicators of bottom-up and top-down
mechanisms, revealed an interesting pattern of findings in relation to somatosensory processes
and schizotypal traits. First, higher total finger ridge counts and a greater number of isomorphic
(i.e., peripherally mediated) errors were associated with better performance on the rough texture
discrimination task. Second, higher ridge to groove width ratios and fewer non-isomorphic (i.e.,
centrally mediated) errors were associated with better performance on the spatial discrimination
task. Third, more minutiae, specifically ends, and fewer isomorphic and non-isomorphic errors
were associated with better performance on the letter recognition task. Furthermore, when
dermatoglyphic features and letter recognition confusion errors were included in the first block
of the regression analyses, with mood symptoms and somatosensory performances included in
the second and third blocks, respectively, fewer isomorphic errors were significantly associated
with more negative schizotypal traits, and, at the trend level, more minutiae were associated with
more positive schizotypal traits. These findings have implications for peripheral and central
mechanisms in basic somatosensory processing and relative contributions to schizotypal traits
beyond sensory processing.
Associations Among Tactile Somatosensory Abilities and Relative Contributions to
Schizotypal Traits. The present study implemented a comprehensive hierarchy of
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somatosensory tasks using simple, non-invasive measures to assess basic texture and spatial
discrimination, and complex letter recognition abilities. Overall, the pattern of associations
among somatosensory measures provides proof of concept in using the current methods to
examine somatosensory processes in a nonclinical sample. More specifically, as expected, basic
spatial discrimination abilities were significantly associated with letter recognition abilities
overall, and at each letter size (i.e., 3.0, 4.5, 6.0, and 8.0 mm) such that better performance on the
spatial discrimination task was associated with better performance on the letter recognition task.
Such findings reflect the shared neural substrates of touch that are essential for spatial
discrimination and letter recognition, namely Merkel disk (slowly adapting type 1; SA1)
mechanoreceptors, located in the superficial layer of the dermis. Performance on the spatial
discrimination task accounted for approximately 10% of the variance in letter recognition task
performance in the present study. This is a modest effect size that is thought to reflect the shared
basic somatosensory processing of spatial gratings and form discrimination in the primary
somatosensory cortex (SI), as well as the divergence of more complex processing (i.e., letter
recognition) in secondary somatosensory cortex (SII) and associative frontal and parietal regions
(Burton et al., 2006; Stilla et al., 2007; Van Boven et al., 2005). In contrast, neither rough nor
smooth texture discrimination task performances were associated with performance on the
spatial discrimination or letter recognition tasks, reflecting the distinct peripheral neural
substrates that respond to vibration and fine texture discrimination, namely Pacinian corpuscles
(PC) deep in the skin. Interestingly, the smooth and rough texture discrimination abilities were
also independent from one another. This dissociation may be due to the differences in
performance on these two sets of stimuli, rather than distinct peripheral mechanisms as both are
thought to be modulated by the same type of mechanoreceptor.
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The schizotypy scores in the present sample are consistent with those that have
previously been reported in undergraduate student samples (Wuthrich & Bates, 2005; Wuthrich
& Bates, 2006) and are thought to be of an adequate range to detect significant associations.
Despite this, contrary to the stated hypotheses and to prior research indicating poorer generalized
somatosensory performance (Chang & Lenzenweger, 2001, 2004, 2005; Lenzenweger, 2000)
and imprecise form representations associated with schizotypal traits (Bates, 2005), the current
study did not indicate that tactile somatosensory abilities were associated with total schizotypal
traits. Moreover, specific examination of central level processing (i.e., letter recognition) beyond
basic texture and spatial discrimination did not yield significant findings. The somatosensory and
schizotypy measures are thought to be methodologically sound based on their validation in
previous research and comparable psychometric properties demonstrated at present. The
inconsistencies between prior literature and the present findings warrant further investigations to
help ascertain whether disruptions in somatosensory processing are uniformly associated with a
schizophrenia diathesis.
With regard to basic somatosensory processing and form representation (i.e., letter
recognition) findings in the present study, basic and complex cognitive somatosensory
performances thought to be specific to SI and SII processes, respectively, did not account for
significant variability in overall schizotypal traits. This may reflect the absence of clinically
significant psychopathology of the participants, and perhaps little to no genetic vulnerability for
schizophrenia. That is, the prior studies examining sensory processing among schizophrenia
patients (Javitt, 2009a), genetic high-risk (Yeap et al., 2006), and clinical high-risk (Brewer et
al., 2006; Jahshan et al., 2012) samples relative to controls have demonstrated disruptions in
basic sensory processes that have downstream effects on more complex, higher order processes,
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such as prosody interpretation (Leitman et al., 2007) and visual object identification (Doniger et
al., 2002). According to the model of panmodal processing imprecision, disruptions in cognitive
and sensory information processing are thought to be indicators of vulnerability to schizophrenia
that reflect NMDA-receptor dysfunction among affected individuals (Javitt et al., 1996; Javitt,
2010; Kantrowitz & Javitt, 2010). Prior studies in clinical samples have relied mostly on auditory
and visual processes and, to a lesser degree, olfactory and proprioceptive (i.e., weight
discrimination) processes. It remains unclear the extent to which sensory processing disruptions
as indicators of vulnerability for schizophrenia can be generalized to basic somatosensory
processes, and/or to nonclinical samples. In the present study, somatosensory abilities at basic
and central levels of processing did not predict overall schizotypal trait endorsement among
nonclinical individuals at varying degrees of psychometric risk for SSDs. To better understand
potential limitations of the panmodal sensory processing imprecision model of schizophrenia,
examinations of somatosensory processing abilities among clinical high-risk, first-episode
psychosis, and clinical samples in comparison to nonclinical samples are needed.
Differential Associations of Somatosensory Abilities with Schizotypal Trait
Dimensions, Independent of Mood Symptoms. An examination of associations of
somatosensory abilities with specific schizotypal trait dimensions (i.e., positive, negative,
disorganized), in part, yielded differential patterns of associations, as expected. However, lower
spatial discrimination thresholds (i.e., better performance) were associated with greater
endorsement of disorganized schizotypal traits. Somatosensory performances did not otherwise
account for significant variability in positive or negative schizotypal traits. The pattern of
findings at present is inconsistent with directional hypotheses based on prior findings. More
specifically, in nonclinical samples, greater negative and disorganized traits were uniquely
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associated with poorer auditory pitch discrimination (Bates, 2005), and poorer two-point
discrimination was associated with greater positive schizotypal traits (Lenzenweger, 2000). In
genetic high-risk samples, poorer weight discrimination was associated with greater negative and
positive schizotypal traits, and poorer graphesthesia and two-point discrimination abilities were
associated with greater positive schizotypal traits (Chang & Lenzenweger, 2001, 2004, 2005). As
such, prior studies among psychometric and genetic at-risk samples suggested that disruptions in
somatosensory processing predict greater positive schizoptypal traits. In contrast, a prior study of
psychometric at-risk young adults suggested that disruptions in auditory processing predicted
disorganized and negative schizotypal traits. Nevertheless, it remains unclear whether disruptions
in somatosensory processing in particular, and panmodal sensory processing more generally, are
more closely associated with positive, negative, or disorganized schizotypal trait dimensions
among at-risk and nonclinical samples.
With regard to state mood symptoms, more depressive and anxiety symptoms were
associated with greater positive, negative, and disorganized schizotypal traits. These findings are
consistent with prior research among samples of community adolescents (Barragan, Laurens,
Navarro, & Obiols, 2011), nonclinical undergraduate students (Daly, Afroz, & Walder, 2012;
Lewandowski et al., 2006), and schizophrenia patients (Emsley, Oosthuizen, Joubert, Roberts, &
Stein, 1999; Lysaker, Bell, Bioty, & Zito, 1995). As predicted, depressive symptoms accounted
for significant variability in negative schizotypal traits, and anxiety symptoms accounted for
significant variability in positive, negative, and disorganized schizotypal traits. Both depressive
and anxiety symptoms accounted for significant variability in total schizotypal traits. After
accounting for the contribution of depressive and anxiety symptoms to the schizotypal trait
dimensions, better performance on the spatial discrimination task was associated with more

68
disorganized schizotypal traits at the trend level. Additionally, better performance on the rough
texture discrimination task was associated with more negative schizotypal traits at the trend
level. Consistent with the findings that did not account for mood symptoms, the patterns of both
findings were the inverse of the stated hypotheses. None of the other somatosensory predictors
significantly accounted for variability in schizotypal traits after accounting for the contribution of
mood symptoms.
The pattern of findings at present is not consistent with previous studies and does not
implicate the posited neural substrate, namely disruptions in anterior parietal functioning (e.g.,
Chang & Lenzenweger, 2005). However, as reviewed above, the somatosensory tasks used in
their studies were not specific to this neuroanatomical region. In contrast, the somatosensory
measures implemented in the present study: 1) are thought to differentiate basic processing in SI
from more complex cognitive processing in SII and beyond via discrimination tasks and letter
recognition, respectively; 2) the peripheral inputs are well understood; and, 3) as described, the
performances of participants in the present study are generally consistent with prior
psychophysical and psychophysiological studies that have validated these tasks. Yet,
performances on other tasks used to assess exteroceptive touch, proprioception, and complex
cognitive somatosensation, such as two-point discrimination, weight discrimination, and
graphesthesia, respectively, have in fact been found to be disrupted among schizophrenia patients
(Javitt et al., 1999), genetic high-risk individuals (Chang & Lenzenweger, 2005), and nonclinical
undergraduates (Lenzenweger, 2000). The inconsistencies across studies may largely reflect
differences in methodology and samples. It may also be worth considering whether
inconsistencies, in part, reflect disruptions or atypical processes independent of somatosensory
processing among individuals with varying degrees of schizotypy. For example, intensity cues,
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motor involvement, thalamocortical inhibition, posterior parietal processes, and/or frontalparietal-temporal network (generalized attention-modulated) involvement. Given the broad
processes involved in the previously implemented tasks as compared to the relative specificity of
the tasks used in the present study, alternative explanations regarding the nature of disruptions in
somatosensory processing deficits (i.e. beyond anterior parietal dysfunction as an indicator of
schizotypy vulnerability) should be examined in future studies.
Relative Contributions of Bottom-Up and Top-Down Mechanisms. Dermatoglyphic
features and letter recognition confusion errors, in part, accounted for variability in
somatosensory processes, implicating contributions of bottom-up (i.e., morphologic aspects,
mechanoreceptor modulation) and top-down (i.e., letter recognition abilities, confusion errors)
mechanisms. Higher ridge to groove width ratios (i.e., wider ridges relative to grooves) were
associated with better performance on the spatial discrimination task. This finding is the inverse
of a prior study demonstrating better accuracy on a spatial task associated with narrower ridges
relative to grooves (Loesch & Martin, 1984b). Although pattern intensity has been associated
with spatial discrimination in a prior study (Loesch & Martin 1984b), this measure was not
associated with any of the somatosensory task performances in the present study. Interestingly,
higher total finger ridge counts were associated with better performance on the rough texture
discrimination task, and greater minutiae intensity and, at trend level, more ends, were associated
with better performance on the letter recognition task. Given that minutiae intensity was
comprised of ends and junctions, it appears that ends may be more closely associated with
performance on the task as compared to junctions. This finding is in contrast with prior findings
indicating that more junctions were associated with better spatial sensitivity among males but not
females (Loesch & Martin, 1984b). The differential patterns of associations in prior studies as
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compared to the present study may reflect differences in methods and/or samples. That is,
Loesch and Martin (1984b) had participants use their fourth finger rather than their second
(index) finger, and their sample was comprised of Polish males and females, and European
Australian males. Variability of dermatoglyphic features reflects environmental and genetic
prenatal influences, which has complicated interpretations of their potential role as an indicator
of disruptions in neurodevelopment (see Golembo-Smith et al., 2012 for a more extensive
discussion pertaining to schizophrenia).
With regard to confusion errors on the letter recognition task, as expected, more
isomorphic and non-isomorphic errors were associated with poorer performance on the task,
though the magnitude of the association was much greater for non-isomorphic errors as
compared to isomorphic errors. This may be reflecting the greater likelihood of making a nonisomorphic error as compared to an isomorphic error as there are a limited number of spatially
similar letter pairs. Of note, the extent to which letter recognition abilities rely on peripheral
mechanisms varies by letter size; that is, small letters are more reliant on peripheral encoding
whereas letters greater than 6 mm exceed the limits of tactile resolution (Loomis, 1990) and are
thought to rely more on central processing (Master et al., 2010).
As expected, more isomorphic errors were significantly associated with poorer
performance for the smallest (3 mm) letter size, and, at trend level, with poorer performance on
4.5 mm and 8 mm letter sizes. Isomorphic errors were not related to performance on the 6 mm
task. The association between isomorphic errors and 8 mm letter recognition performance may,
in part, reflect learning effects, as the 8 mm letter size was the first task the participants
completed and so were less familiar with the stimuli but still able to detect spatial features. More
non-isomorphic errors were associated with poorer letter recognition of all sizes. A greater
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number of non-isomorphic errors was also associated with poorer performance on the spatial
discrimination task. Conversely, a greater number of isomorphic errors was associated with
better performance on the rough texture discrimination task. The pattern of confusion errors
contributes to an understanding of the role of bottom-up and top-down processes in
somatosensory functioning. The association between non-isomorphic errors and spatial
discrimination abilities suggests a more integral role of central processing mechanisms on this
task, such as inhibition of irrelevant stimuli, attention, and/or SI involvement rather than
peripheral mechanisms. This is in contrast to the association between isomorphic errors and
rough texture discrimination, which implicates a role for peripheral mechanisms
(mechanoreceptor responses to pressure, texture, and spatial form) rather than central
mechanisms for texture discrimination.
Despite evidence of peripheral, ‘bottom-up’ and central, ‘top-down’ mechanisms that are
differentially involved with somatosensory processes, dermatoglyphic features and confusion
errors overall did not account for a significant proportion of variability in positive, negative, or
disorganized schizotypal traits. However, examination of specific variables yielded differential
contributions to the schizotypal trait dimensions. With regard to positive schizotypal traits,
greater depressive and anxiety symptoms, and, at the trend level, better spatial discrimination,
rough texture discrimination, and more minutiae accounted for significant variability. With
regard to negative schizotypal traits, better performance on the rough texture discrimination task,
fewer isomorphic errors, and greater depressive and anxiety symptoms accounted for significant
variability. With regard to disorganized schizotypal traits, better spatial discrimination and rough
texture discrimination, and greater depressive and anxiety symptoms accounted for significant
variability. Overall, as expected, somatosensory performance was more closely associated with
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negative and disorganized schizotypal traits as compared to positive schizotypal traits, though
the patterns of the associations are the inverse of the expected direction. Specifically, better
performances were associated with higher schizotypal trait endorsement. The relative
contributions of peripheral and central mechanisms in schizotypal traits were relatively subtle
and are not thought to account for the pattern of the present findings.
Study Implications
Meehl’s (1962, 1990) model of schizophrenia suggests that schizotypal traits vary along a
continuum, yet it is not clear whether factors related to genetic risk for schizophrenia extend to
the schizotypal phenotype in nonclinical populations. Accordingly, the unexpected pattern of
associations in the present study may indicate alternative explanations beyond methodological
differences from prior studies of somatosensory processing. For example, the dimensionality of
some of the associations between schizotypy and somatosensory processing across the
continuum from nonclinical to at-risk to clinical populations may only be present among
individuals with a specific diathesis. For example, participants in the present study were
recruited from undergraduate psychology courses and presumed to be functioning relatively well
in order to maintain their student status at the college and participate in research for extra credit.
Thus, it remains feasible that associations among various putative indicators of vulnerability
(e.g., somatosensory processing disruptions) may not extend to nonclinical populations and/or
that not all measures within the somatosensory domain are sensitive to the as yet unknown
underlying mechanism of disruption.
Alternative explanations beyond methodology and sample composition are, at this time,
speculative. Nevertheless, it seems possible that differential patterns of sensory processing
abilities in relation to SSDs in prior literature and in a nonclinical sample at present may reflect
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differential involvement of neural pathways. For example, compared to controls, schizophrenia
patients exhibit increased connectivity between sensory-motor networks and the thalamus
(Woodward, Karbasforoushan, & Heckers, 2012; Anticevic et al., 2013), and increased thalamosensory connectivity predicted more severe schizophrenia symptoms (Anticevic et al., 2013b).
While the recent literature is quite interesting to consider in the context of sensory processing
and SSDs, it is not clear whether increased thalamo-sensory-motor connectivity is related to
performance on somatosensory tasks. Moreover, the present study implemented behavioral
somatosensory measures among a nonclinical sample and did not include a neuroimaging
component; therefore, speculations regarding the potential involvement of thalamo-sensorymotor network connectivity in the association between somatosensory processing and
schizotypal traits are beyond the scope of the present data. Future studies are needed to examine
such possibilities.
Although the present study did not explore risk for conversion, the demonstrated utility of
the current methodology in a nonclinical sample provides a frame for examining somatosensory
processing among individuals who are at clinical high-risk for SSDs. For example, disruptions in
basic auditory processing are present among individuals at clinical high-risk and with recent
onset psychosis (Jahshan et al., 2011) and may be suggestive of a genetic predisposition to
schizophrenia (e.g., Jessen et al., 2001; Michie et al., 2002). Accordingly, disruptions in auditory
processing may be conceptualized as a diathesis indicating vulnerability to schizophrenia, yet
somatosensory processing has yet to be examined across samples of individuals at varying
degrees of clinical risk and illness. Furthermore, of the individuals with a diathesis, only a subset
would be predicted to develop an SSD (Meehl, 1962). For example, using a psychometric highrisk approach, approximately 15-25% of individuals identified as being at elevated risk are
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expected to go on to develop an SSD (Gooding, Tallent, & Matts, 2005; Kwapil, 1998). The
present findings in a nonclinical sample are the first to suggest an alternative pattern of
associations between somatosensory processing and schizotypal traits, whereby better
performances were generally associated with greater endorsement of schizotypal traits
(particularly negative and disorganized). Examinations of neurodevelopmental and
environmental risk factors, longitudinal assessment, and multimodal sensory processing
assessment among high-risk samples would be especially meaningful in parsing out potential
moderating/mediating factors. At present, inferences regarding relative risk for conversion based
on disruptions in typical sensory processing mechanisms are limited.
Study Limitations
A potential criticism of the present study is the lack of a comparison group (e.g., at-risk,
psychiatric) that would allow further elucidation of the relative contributions of somatosensory
processing to SSD traits and symptoms. However, the primary goal of the present study was to
characterize somatosensory processing in relation to schizotypal traits in a nonclinical sample of
young adults within the framework of a dimensional model of psychopathology. One difficulty
in exploring such associations in nonclinical populations is limited sensitivity to detect
significance due to restricted range of scores on self-reported schizotypy measures and
performance on somatosensory tasks. Nonetheless, several researchers have implemented a
psychometric high-risk approach (i.e., identification of high-scorers on self-report measures of
schizotypy) in nonclinical student samples. Longitudinal studies implementing this approach
have demonstrated that psychosis-prone individuals had a greater likelihood of developing SSDs
and other psychotic disorders relative to control groups at 5-year (Gooding et al., 2005) and 10year follow-up (e.g., Chapman et al., 1994; Kwapil, 1998). Also, the use of cut-off scores on
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measures of schizotypy may further enhance sensitivity in identifying correlates of risk factors in
nonclinical samples. As reviewed above, the schizotypy scores in the present sample
approximate those that have previously been reported in undergraduate student samples and are
thought to yield sufficient variability to detect meaningful associations with other variables of
interest. Nevertheless, the composition of the present sample limits the generalizability of the
present findings beyond undergraduate student populations; as such, extension of this line of
investigation to other nonclinical and at-risk samples is clearly warranted.
Another potential limitation of the present study is the lack of neurocognitive measures to
determine whether generalized cognitive deficits were associated with performance on
somatosensory tasks. Extensive literature supports the notion of cognitive dysfunction as a core
feature of SSDs (e.g., Heinrichs & Zakzanis, 1998), specifically disruptions in frontal executive
functioning (Barch & Ceaser, 2012; Barch, Sheline, Csernansky, & Snyder, 2003; Walder,
Walker, & Lewine, 2000); thus, it would be important to rule out whether atypical
somatosensory performances are associated with neurocognitive abilities. Of note, prior findings
among high-risk (e.g., Lindgren et al., 2010; Trotman, McMillan, & Walker, 2006) and
nonclinical samples (e.g., Daly et al., 2012; Dinn et al., 2002) have demonstrated that aspects of
neurocognition tended to be more closely associated with negative than positive or disorganized
schizotypal traits. At present, better performance on some somatosensory tasks (i.e., basic spatial
and texture discrimination) was more strongly associated with negative and disorganized
schizotypal traits than positive. That schizophrenia patients exhibit increased thalamosensorimotor connectivity and decreased thalamo-PFC connectivity perhaps calls into question
whether this neural imbalance reflects behavioral and clinical correlates. An examination of
basic somatosensory processing and frontal executive functioning among individuals along the
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schizophrenia continuum using both behavioral and neuroimaging approaches would help to
elucidate the functional significance of this differential pattern of connectivity and its putative
role as an indicator of risk.
The present research provides a greater understanding of somatosensory processing at the
behavioral level, yet the findings may be limited by this methodology. For example, performance
on attention-mediated somatosensory tasks, as implemented in the present study, may be
differentially associated with schizotypal trait dimensions as compared to early attentionindependent somatosensory processing (e.g., somatosensory MMN). Also, behavioral
somatosensory performances may be differentially associated with schizotypal traits and
symptomatology (Chang & Lenzenweger, 2001, 2004, 2005; Lenzenweger, 2000) as compared
to basic somatosensory response components (Umbricht & Krljes, 2005). Examinations of the
auditory MMN and somatosensory MMN components in at-risk samples may clarify whether
attenuated MMN findings in auditory processing extend to the somatosensory modality and
better characterize associations with specific symptom dimensions.
Future Directions
Future studies may benefit from more extensive validation and expansions of the
somatosensory tasks to other sensory modalities in order to more fully assess sensory processing
along distinct pathways with an aim of enhancing consistency and replicability across SSD
populations. A primary goal in the area of risk research is the identification of predictors of
illness onset, which requires longitudinal assessments of individuals across various stages of
illness progression (i.e. prodrome, first-onset, chronic illness). Approximately 35% of
individuals identified as being at clinical high-risk, or in the schizophrenia prodrome, convert to
illness (Cannon et al., 2008). It is imperative to prospectively study individuals thought to be at
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heightened risk, as well as retrospectively examine differences between individuals who do
convert as compared to those who do not. Despite the attempt to examine basic sensory
processing among nonclinical individuals at varying degrees of psychometric risk, the
somatosensory system is still quite complex and less examined in SSD populations compared to
other sensory modalities (i.e., visual, auditory). Also, how this system modulates clinical
symptom presentation, cognition, and functioning becomes greatly influenced by developmental
and other factors (e.g., medication effects, socioeconomic status, and stressful life events) among
clinical populations. Increasing an understanding of specific sensory processing deficits and the
neural correlates that predict functional outcomes may also assist in identifying individuals atrisk for psychosis. The present study is a first step in parsing out the relative contributions of
these factors, yet longitudinal studies are necessary to assist in the identification of risk
biomarkers and to develop early treatment interventions.
Rather than a single locus or network of panmodal processing, it is possible that
differential patterns of sensory processing reflect unique neural mechanisms modulating the
pathophysiology and subsequent heterogeneous symptom presentation across at-risk and
chronically ill individuals. Although behavioral measures permit a more ‘real-world’
examination of how sensory processes influence functioning and relatively low-cost, noninvasive electrophysiology (e.g., MMN) provides excellent temporal resolution, the
identification of underlying neural substrates and networks involved in different modes of
sensory processing to better understand the nature of these associations will require more
advanced measurement techniques. Future investigations examining individuals’ performance on
somatosensory behavioral tasks while recording brain activation using high spatial resolution
neuroimaging techniques, such as near infrared spectroscopy (NIRS) or

78
magnetoencephalography (MEG), as has been explored more recently, would assist in
characterizing the neural substrates of somatosensory processing while maintaining relatively
high temporal resolution. An added executive functioning component would further clarify the
differential patterns of findings across SSDs and sensory modalities.
As previously reviewed, the focus of prior research has been on auditory and visual
processes, which has laid the framework for the model of panmodal sensory processing
imprecision (Javitt, 2009b). Hypothesized mechanisms have included disruptions in inhibitory
GABA/excitatory NMDA feedback during task performance (Javitt et al., 1999). One approach
to examining this hypothesis is a mismatch negativity paradigm, as the electrophysiological
response component is dependent on NMDA receptor functioning (see Javitt et al., 1996). Using
auditory MMN paradigms, clinical high-risk and first-episode psychosis samples exhibited
deficits that were intermediate to schizophrenia patients and controls and were associated with
the duration of illness and symptom severity (see Brockhaus-Dumke et al., 2005; Umbricht &
Krljes, 2005). In contrast, using somatosensory MMN, schizophrenia patients exhibited early
hyper-activation of the primary somatosensory and motor cortices followed by hypo-activation
in these regions, as well as hypo-activation of the dorsolateral PFC and posterior parietal
cortex/superior parietal lobule as compared to controls (Huang et al., 2010). These findings were
thought to reflect initial disinhibition and decreased connectivity with later, higher order
somatosensory processing areas. No studies to date have examined early sMMN responses in
relation to performances on behavioral somatosensory tasks to clarify potential contributions of
early somatosensory processing to more complex functions. Future studies that integrate these
methodologies may provide insight into prior findings and sensory processing across modalities.
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Conclusion
In conclusion, the present study is the first known to implement an integrated approach
using a hierarchy of tasks to examine somatosensory processing in relation to schizotypal traits
among a nonclinical sample. Specifically, the present study incorporated and considered
literature pertaining to other sensory modalities, neurodevelopmental disorders, peripheral
features associated with neurodevelopmental deviance, and central processes. The findings also
lend support for the use of these behavioral somatosensory tasks among at-risk and clinical
samples, as they are relatively low-cost and non-invasive. This avenue of research holds
potential for further elucidating the dimensional model of schizotypy, and specifically gaining a
greater understanding of basic and complex somatosensory processes and their association to the
neurodevelopment of schizophrenia spectrum disorders. The identification of specific disruptions
in sensory processing and trait or symptom correlates provides additional invaluable information
to the clinical picture of the schizophrenia spectrum and towards better understanding underlying
etiology with the potential to assist in early identification of at-risk individuals.
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APPENDIX
Letter Recognition Task Instructions
Always begin with the largest (8 mm) letter sequence. Do not provide any feedback to the
participant during the task. That is, do not correct them or tell them if they answered correctly or
made an error.
Open the binder to the alphabet and place the binder in front of the participant so they can look at
the entire page.
Take a look at these letters in the alphabet. Behind this board, there are series of letters raised
on plastic. Each letter of the alphabet will be represented, but in a random order. You are to use
the index finger of your right hand to scan the surface (demonstrate the motion with your own
finger across the page or tabletop) of the raised letter and then name the letter. Only scan from
left to right in a horizontal motion. Please do not move your finger in a vertical or circular
direction. Some of the letters may be difficult to identify – that’s to be expected. Just do your best
and provide your best guess.
Prompts:
- After the participant has scanned a letter for about 10 seconds (or about 5 scans), prompt
the participant to provide an answer (e.g., can you tell me which letter you think it is?)
- If they say they don’t know, prompt them to provide their best guess. You can
acknowledge that some are difficult, but we ask that they do their best.
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Letter Recognition Task Record Form
8.0
G Z W T K E X B Q M D V J R A S C P H N I
mm
Respo
nse

L Y F O U

6.0
L N G F M Z I D Q C U W T O Y A H J R K S V P E X B
mm
Respo
nse
4.5
F K M H Z S A N T B U L C P O J R G Q I X W V Y D E
mm
Respo
nse
3.0
Q U B K I
mm
Respo
nse

E S P X G Z A O D F C J N R H W M T Y V L
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Spatial Discrimination Task Instructions
***USE HEADPHONES: TURN ON DURING TASK AND TURN OFF WHEN FINISHED
Always have participants use their right index finger to discriminate the direction of the gratings.
Many participants will be able to correctly identify all grating orientations. That is okay.
Continue until they make 5 or more errors for a stimulus, or until they reach the end of the task.
Say to the participants:
For this task, you will be asked to identify the orientation of bars that are raised on
plastic. I will guide your hand over the stimulus and ask you to press down on the
stimulus. Then, you are to determine if the bars are in a horizontal orientation, which is
perpendicular to the length of your finger; or, a vertical orientation, which is parallel to
the length of your finger. You can refer to this page to remember which orientation is
which. For each stimulus, just say horizontal or vertical.
Record the participant’s responses on the response form. Mark II for vertical orientation
responses. Mark for horizontal orientation responses.
Discontinue when the Total Matches (number correct) is less than or equal to 5.
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Spatial Discrimination Task Response Form
II for vertical orientation parallel to the finger axis
for horizontal orientation perpendicular to the finger axis
Record Participant’s responses. Discontinue when the Total Matches (number correct) is
less than or equal to 5.
Ridge
width
(mm)

1

2

3

4

5

6

7

8

9

10

Grating
II
II
II
II
II
orientation
5.00
Pp’s
response
Grating
II
II
II
II
II
orientation
4.50
Pp’s
response
Grating
II
II
II
II
II
orientation
4.00
Pp’s
response
Grating
II
II
II
II
II
orientation
3.50
Pp’s
response
START HERE (3.00) If they match ≤5, then start at 5.00 and continue as normal.
Grating
II
II
II
II
II
orientation
3.00
Pp’s
response
Grating
II
II
II
II
II
orientation
2.75
Pp’s
response
Grating
II
II
II
II
II
orientation
2.50
Pp’s
response
Grating
II
II
II
II
II
orientation
2.25
Pp’s
response
Grating
II
II
II
II
II
orientation
2.00
Pp’s
response

Total
Matches
----------

----------

----------

----------

----------

----------

----------

----------

----------
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1.75

1.50

1.25

1.00

0.75

Grating
orientation
Pp’s
response
Grating
orientation
Pp’s
response
Grating
orientation
Pp’s
response
Grating
orientation
Pp’s
response
Grating
orientation
Pp’s
response

II

II

II

II

II

II

II

II

II

II

II

II

II

II

II

II

II

II

II

II

----------

----------

II

II

II

II

II

----------
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Texture Discrimination Task Instructions
***USE HEADPHONES: TURN ON DURING TASK AND TURN OFF WHEN FINISHED
Say to the participant:
For this next task, you will move your right index finger across two different sandpaper
surfaces. Scan each surface from left to right in one movement. (Demonstrate to the
participant on the table surface.) I will then ask you to state which surface is more rough,
1 or 2. The first surface, on the left, is “1” and the second surface, on the right, is “2”.
You can refer to this page as a reminder. Place the cue page in front of the participant.
P240 is always the referent. You should place it in the corresponding position for that trial
(R=your right and participants’ 1; L=your left and participants’ 2). The participant does not refer
to left or right; this is just for ease of administration.
Begin with P800 on your left (Trial 1) and with the referent (P240) on your right. For Trial 1, if
the participant responds “1” is more rough (correct), then circle “1” on the record form for that
trial. If the participant answers “2” is more rough (error), then cross out (X) “1” on record form.
You will step back (away from) the referent for the next trial in that staircase. Then, alternate to
the rough staircase and start with P100 on your left (Trial 2) and the referent (P240) on your
right. For Trial 2, if the participant responds “2” is more rough (correct), then circle “2” on the
record form for that trial. If the participant answers “1” is more rough (error), then cross out (X)
“2” on the record form. The correct responses are provided for each trial. You are to indicate
correct responses by circling the response for that trial, and indicate errors by crossing out the
response for that trial.
Alternate between top stimuli (fine/smooth staircase) and bottom stimuli (coarse/rough
staircase) for each trial. After 3 correct discriminations for a stimulus (regardless of order), step
closer to the referent. After each error, step back (away from) the referent for the next trial in that
staircase.
Discontinue after two consecutive errors for the same stimulus (e.g., P400: X X). See example
below.
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Texture Discrimination Task Record Form
Begin with P800 (trial 1), then P100 (trial 2). Alternate top (smooth) and bottom (rough)
stimuli each trial. After 3 correct responses for a stimulus (regardless of order), step closer to
referent. Discontinue after two consecutive errors for the same stimulus (e.g., P400: X X).
X = Error
O = Correct
Trial 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
P
1
2
2
1
1
2
1
1
2
2
1000
P800 1
2
2
1
1
2
1
1
2
2
P600 1
2
2
1
1
2
1
1
2
2
P500 1
2
2
1
1
2
1
1
2
2
P400 1
2
2
1
1
2
1
1
2
2
P320 1
2
2
1
1
2
1
1
2
2
P240 R R L L L L R R R R L L R R R R
L L L L
P220
2
1
1
2
2
1
2
2
1
1
P180
2
1
1
2
2
1
2
2
1
1
P150
2
1
1
2
2
1
2
2
1
1
P120
2
1
1
2
2
1
2
2
1
1
P100
2
1
1
2
2
1
2
2
1
1
P80
2
1
1
2
2
1
2
2
1
1
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Personal Experiences Questionnaire
Please read each item carefully and circle the response that best describes your experiences.
Please answer all items even if you feel some are difficult to answer.
Strongly
Strongly
Disagree
Neutral
Agree
Disagree
Agree
(1)
(2)
(3)
(0)
(4)
1. Do you sometimes feel that
things you see on the TV or
(0)
(1)
(2)
(3)
(4)
read in the newspaper have a
special meaning for you?
2. I sometimes avoid going to
places where there will be
(0)
(1)
(2)
(3)
(4)
many people because I will
get anxious.
3. Have you had experiences
(0)
(1)
(2)
(3)
(4)
with the supernatural?
4.Have you often mistaken
objects or shadows for people,
(0)
(1)
(2)
(3)
(4)
or noises for voices?
5. Other people see me as
(0)
(1)
(2)
(3)
(4)
slightly eccentric (odd).
6. I have little interest in
(0)
(1)
(2)
(3)
(4)
getting to know other people.
7. People sometimes find it
hard to understand what I am
(0)
(1)
(2)
(3)
(4)
saying.
8. People sometimes find me
(0)
(1)
(2)
(3)
(4)
aloof and distant.
9. I am sure I am being talked
(0)
(1)
(2)
(3)
(4)
about behind my back.
10. I am aware that people
notice me when I go out for a
(0)
(1)
(2)
(3)
(4)
meal or to see a film.
11. I get very nervous when I
have to make polite
(0)
(1)
(2)
(3)
(4)
conversation.
12. Do you believe in
(0)
(1)
(2)
(3)
(4)
telepathy (mind-reading)?
13. Have you ever had the
sense that some person or
force is around you, even
(0)
(1)
(2)
(3)
(4)
though you cannot see
anyone?
14. People sometimes
comment on my unusual
(0)
(1)
(2)
(3)
(4)
mannerisms and habits.
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15. I prefer to keep myself to
myself.
16. I sometimes jump quickly
from one topic to another
when speaking.
17. I am not good at
expressing my true feelings by
the way I talk and look.
18. Do you often feel that
other people have it in for
you?
True or False (please circle
one): I cannot remember a
time when I talked with
someone who wore glasses.
19. Do some people drop hints
about you or say things with a
double meaning?
20. Do you ever get nervous
when someone is walking
behind you?
21. Are you sometimes sure
that other people can tell what
you are thinking?
22. When you look at a
person, or yourself in a mirror,
have you ever seen the face
change right before your eyes?
23. Sometimes other people
think that I am a little strange.
24. I am mostly quiet when
with other people.
25. I sometimes forget what I
am trying to say.
26. I rarely laugh and smile.
27. Do you sometimes get
concerned that friends or
coworkers are not really loyal
or trustworthy?
28. Have you ever noticed a
common event or object that
seemed to be a special sign for
you?
29. I get anxious when
meeting people for the first
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time.
30. Do you believe in
clairvoyancy (psychic forces,
fortune-telling)?
31. I often hear a voice
speaking my thoughts aloud.
32. Some people think that I
am a very bizarre person.
33. I find it hard to be
emotionally close to other
people.
34. I often ramble on too
much when speaking.
35. My "nonverbal"
communication (smiling and
nodding during a
conversation) is not very
good.
36. I feel I have to be on my
guard even with friends.
37. Do you sometimes see
special meanings in
advertisements, shop
windows, or in the way things
are arranged around you?
38. Do you often feel nervous
when you are in a group of
unfamiliar people?
39. Can other people feel your
feelings when they are not
there?
40. Have you ever seen things
invisible to other people?
41. Do you feel that there is
no one you are really close to
outside of your immediate
family, or people you can
confide in or talk to about
personal problems?
42. Some people find me a bit
vague and elusive during a
conversation.
43. I am poor at returning
social courtesies and gestures.
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True or False (please circle
one): I cannot remember a
single occasion when I have
ridden on a bus.
44. Do you often pick up
hidden threats or put-downs
from what people say or do?
45. When shopping, do you
get the feeling that other
people are taking notice of
you?
46. I feel very uncomfortable
in social situations involving
unfamiliar people.
47. Have you had experiences
with astrology, seeing the
future, UFOs, ESP, or a sixth
sense?
48. Do everyday things seem
unusually large or small?
49. Writing letters/emails to
friends is more trouble than it
is worth.
50. I sometimes use words in
unusual ways.
51. I tend to avoid eye contact
when conversing with others.
52. Have you found that it is
best not to let other people
know too much about you?
53. When you see people
talking to each other, do you
often wonder if they are
talking about you?
54. I would feel very anxious
if I had to give a speech in
front of a large group of
people.
55. Have you ever felt that
you are communicating with
another person telepathically
(by mind-reading)?
56. Does your sense of smell
sometimes become unusually
strong?
57. I tend to keep in the
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background on social
occasions.
58. Do you tend to wander off
the topic when having a
conversation?
59. I often feel that others
have it in for me.
60. Do you sometimes feel
that other people are watching
you?
61. Do you ever suddenly feel
distracted by distant sounds
that you are not normally
aware of?
62. I attach little importance to
having close friends.
63. Do you sometimes feel
that people are talking about
you?
64. Are your thoughts
sometimes so strong that you
can almost hear them?
65. Do you often have to keep
an eye out to stop people from
taking advantage of you?
66. Do you feel that you
cannot get "close" to people?
67. I am an odd, unusual
person.
68. I do not have an
expressive and lively way of
speaking.
69. I find it hard to
communicate clearly what I
want to say to people.
True or False (please circle
one): At times when I was ill
or tired, I have felt like going
to bed early.
70. I have some eccentric
(odd) habits.
71. I feel very uneasy talking
to people I do not know well.
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72. People occasionally
comment that my
(0)
(1)
(2)
(3)
(4)
conversation is confusing.
73. I tend to keep my feelings
(0)
(1)
(2)
(3)
(4)
to myself.
74. People sometimes stare at
me because of my odd
(0)
(1)
(2)
(3)
(4)
appearance.
Sources: Raine, A. (1991). doi: 10.1093/schbul/17.4.555; Wuthrich, V., & Bates, T. C. (2005).
doi: 10.1016/j.paid.2004.09.017
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DASS
Please read each statement and circle a number 0, 1, 2 or 3 that indicates how much the statement
applied to you over the past week. There are no right or wrong answers. Do not spend too much
time on any statement.
The rating scale is as follows:
0
1
2
3

Did not apply to me at all
Applied to me to some degree, or some of the time
Applied to me to a considerable degree, or a good part of time
Applied to me very much, or most of the time
1

I found myself getting upset by quite trivial things

0
3

1

2

2

I was aware of dryness of my mouth

0
3

1

2

3

I couldn't seem to experience any positive feeling at all

0
3

1

2

4

I experienced breathing difficulty (eg, excessively rapid breathing,
breathlessness in the absence of physical exertion)

0
3

1

2

5

I just couldn't seem to get going

0
3

1

2

6

I tended to over-react to situations

0
3

1

2

7

I had a feeling of shakiness (eg, legs going to give way)

0
3

1

2

8

I found it difficult to relax

0
3

1

2

9

I found myself in situations that made me so anxious I was most
relieved when they ended

0
3

1

2

10

I felt that I had nothing to look forward to

0
3

1

2

11

I found myself getting upset rather easily

0
3

1

2

12

I felt that I was using a lot of nervous energy

0
3

1

2

13

I felt sad and depressed

0
3

1

2
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14

I found myself getting impatient when I was delayed in any way
(eg, elevators, traffic lights, being kept waiting)

0
3

1

2

15

I had a feeling of faintness

0
3

1

2

16

I felt that I had lost interest in just about everything

0
3

1

2

17

I felt I wasn't worth much as a person

0
3

1

2

18

I felt that I was rather touchy

0
3

1

2

19

I perspired noticeably (eg, hands sweaty) in the absence of high
temperatures or physical exertion

0
3

1

2

20

I felt scared without any good reason

0
3

1

2

21

I felt that life wasn't worthwhile

0
3

1

2

I found it hard to wind down

0
3

1

2

23

I had difficulty in swallowing

0
3

1

2

24

I couldn't seem to get any enjoyment out of the things I did

0
3

1

2

25

I was aware of the action of my heart in the absence of physical
exertion (eg, sense of heart rate increase, heart missing a beat)

0
3

1

2

26

I felt down-hearted and blue

0
3

1

2

27

I found that I was very irritable

0
3

1

2

28

I felt I was close to panic

0
3

1

2

29

I found it hard to calm down after something upset me

0
3

1

2

30

I feared that I would be "thrown" by some trivial but
unfamiliar task

0
3

1

2

31

I was unable to become enthusiastic about anything

0

1

2
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3
32

I found it difficult to tolerate interruptions to what I was doing

0
3

1

2

33

I was in a state of nervous tension

0
3

1

2

34

I felt I was pretty worthless

0
3

1

2

35

I was intolerant of anything that kept me from getting on with
what I was doing

0
3

1

2

36

I felt terrified

0
3

1

2

37

I could see nothing in the future to be hopeful about

0
3

1

2

38

I felt that life was meaningless

0
3

1

2

39

I found myself getting agitated

0
3

1

2

40

I was worried about situations in which I might panic and make
a fool of myself

0
3

1

2

41

I experienced trembling (eg, in the hands)

0
3

1

2

42

I found it difficult to work up the initiative to do things

0
3

1

2

Source: Lovibond & Lovibond (1995). http://dx.doi.org/10.1016/0005-7967(94)00075-U
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Study Attitudes
For each of the following statements, please indicate please indicate how true it is for you, using
the following scale:

1. I think that participating
in research is useful for
me.
2. I enjoyed participating
in this study.
3. I would describe this
study as interesting.
4. I didn’t try very hard to
do well on the tasks.
5. I think participating in
research is an important
activity.
6. I didn’t put much
energy into this study.
7. I thought this was a
boring study.
8. I put a lot of effort into
this study.
9. This study did not hold
my attention at all.
10. It was important to me
to respond honestly to
questions and do well on
tasks.

Not At
All
True
1

2

1

3

Somewhat
True
4

5

6

Very
True
7

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

97
REFERENCES
AbdelMalik, P., Husted, J., Chow, E. W. C., & Bassett, A. S. (2003). Childhood head injury and
expression of schizophrenia in multiply affected families. Archives of General Psychiatry,
60(3), 231–6.
Abi-Dargham, A., & Moore, H. (2003). Prefrontal DA transmission at D1 receptors and the
pathology of schizophrenia. The Neuroscientist, 9(5), 404–416.
Adcock, R. A., Dale, C., Fisher, M., Aldebot, S., Genevsky, A., Simpson, G. V, et al. (2009).
When top-down meets bottom-up: Auditory training enhances verbal memory in
schizophrenia. Schizophrenia Bulletin, 35(6), 1132–41.
Anticevic, A., Cole, M. W., Repovs, G., Murray, J. D., Brumbaugh, M. S., Winkler, A. M., et al.
(2013a). Characterizing thalamo-cortical disturbances in schizophrenia and bipolar illness.
Cerebral Cortex, [epub ahead of print], 1–15.
Antony, M. M., Bieling, P. J., Cox, B. J., Enns, M. W., & Swinson, R. P. (1998). Psychometric
properties of the 42-item and 21-item versions of the Depression Anxiety Stress Scales in
clinical groups and a community sample. Psychological Assessment, 10(2), 176–181.
Avila, M. T., Sherr, J., Valentine, L. E., Blaxton, T. a, & Thaker, G. K. (2003).
Neurodevelopmental interactions conferring risk for schizophrenia: A study of
dermatoglyphic markers in patients and relatives. Schizophrenia Bulletin, 29(3), 595–605.
Baldeweg, T., Klugman, A., Gruzelier, J., & Hirsch, S. R. (2004). Mismatch negativity potentials
and cognitive impairment in schizophrenia. Schizophrenia Research, 69(2-3), 203–217.
Barch, D. M., & Ceaser, A. (2012). Cognition in schizophrenia: Core psychological and neural
mechanisms. Trends in Cognitive Sciences, 16(1), 27–34.
Barch, D. M., Sheline, Y. I., Csernansky, J. G., & Snyder, A. Z. (2003). Working memory and
prefrontal cortex dysfunction: Specificity to schizophrenia compared with major depression.
Biological Psychiatry, 53(5), 376-84.
Barragan, M., Laurens, K. R., Navarro, J. B., & Obiols, J. E. (2011). Psychotic-like experiences
and depressive symptoms in a community sample of adolescents. European Psychiatry: The
Journal of the Association of European Psychiatrists, 26(6), 396–401.
Bates, T. (2005). The panmodal sensory imprecision hypothesis of schizophrenia: Reduced
auditory precision in schizotypy. Personality and Individual Differences, 38(2), 437–449.
Bauer, R. M., & Demery, J. A. (2003). Agnosia. In K. M. Heilman & E. Valenstein (Eds.),
Clinical Neuropsychology (4th ed., p. 716). New York: Oxford University Press.

98
Bensmaïa, S., & Hollins, M. (2005). Pacinian representations of fine surface texture. Perception
& Psychophysics, 67(5), 842–54.
Bensmaia, S. J., & Hollins, M. (2003). The vibrations of texture. Somatosensory and Motor
Research, 20(1), 33–43.
Blake, D. T., Hsiao, S. S., & Johnson, K. O. (1997). Neural coding mechanisms in tactile pattern
recognition: The relative contributions of slowly and rapidly adapting mechanoreceptors to
perceived roughness. The Journal of Neuroscience: The Official Journal of the Society for
Neuroscience, 17(19), 7480–9.
Bleyenheuft, Y., Cols, C., Arnould, C., & Thonnard, J.-L. (2006). Age-related changes in tactile
spatial resolution from 6 to 16 years old. Somatosensory & Motor Research, 23(3-4), 83–7.
Bleyenheuft, Y., Wilmotte, P., & Thonnard, J.-L. (2010). Relationship between tactile spatial
resolution and digital dexterity during childhood. Somatosensory & Motor Research, 27(1),
9–14.
Brekke, J., Kay, D. D., Lee, K. S., & Green, M. F. (2005). Biosocial pathways to functional
outcome in schizophrenia. Schizophrenia Research, 80(2-3), 213–25.
Brewer, W. J., Wood, S. J., Phillips, L. J., Francey, S. M., Pantelis, C., Yung, A. R., et al. (2006).
Generalized and specific cognitive performance in clinical high-risk cohorts: A review
highlighting potential vulnerability markers for psychosis. Schizophrenia Bulletin, 32(3),
538–55.
Brockhaus-Dumke, A., Tendolkar, I., Pukrop, R., Schultze-Lutter, F., Klosterkötter, J., &
Ruhrmann, S. (2005). Impaired mismatch negativity generation in prodromal subjects and
patients with schizophrenia. Schizophrenia Research, 73(2-3), 297–310.
Bruce, M. F. (1980). The relation of tactile thresholds to histology in the fingers of elderly
people. Journal of Neurology, Neurosurgery, and Psychiatry, 43(8), 730–4.
Burton, H., McLaren, D. G., & Sinclair, R. J. (2006). Reading embossed capital letters: An fMRI
study in blind and sighted individuals. Human Brain Mapping, 27(4), 325–39.
Burton, H., Sinclair, R. J., Wingert, J. R., & Dierker, D. L. (2008). Multiple parietal operculum
subdivisions in humans: Tactile activation maps. Somatosensory & Motor Research, 25(3),
149–62.
Butler, P. D., Abeles, I. Y., Weiskopf, N. G., Tambini, A., Jalbrzikowski, M., Legatt, M. E., et al.
(2009). Sensory contributions to impaired emotion processing in schizophrenia.
Schizophrenia Bulletin, 35(6), 1095–107.

99
Cannon, T. D., Cadenhead, K., Cornblatt, B., Woods, S. W., Addington, J., Walker, E., et al.
(2008). Prediction of psychosis in youth at high clinical risk: A multisite longitudinal study
in North America. Archives of General Psychiatry, 65(1), 28–37.
Cannon, T. D., Rosso, I. M., Hollister, J. M., Bearden, C. E., Sanchez, L. E., & Hadley, T.
(2000). A prospective cohort study of genetic and perinatal influences in the etiology of
schizophrenia. Schizophrenia Bulletin, 26(2), 351–66.
Cascio, C. J. (2010). Somatosensory processing in neurodevelopmental disorders. Journal of
Neurodevelopmental Disorders, 2(2), 62–69.
Cascio, C. J. (2011). Tactile Dysfunction in Neurodevelopmental Disorders. In M. J. Hertenstein
& S. J. Weiss (Eds.), The Handbook of Touch: Neuroscience, Behavioral, and Health
Perspectives (pp. 409–434). New York, NY: Springer Publishing Company.
Cascio, C., McGlone, F., Folger, S., Tannan, V., Baranek, G., Pelphrey, K. A., & Essick, G.
(2008). Tactile perception in adults with autism: A multidimensional psychophysical study.
Journal of Autism and Developmental Disorders, 38(1), 127–137.
Cauna, N. (1954). Nature and functions of the papillary ridges of the digital skin. The
Anatomical Record, 119(4), 449–468.
Chang, B. P., & Lenzenweger, M. F. (2001). Somatosensory processing in the biological
relatives of schizophrenia patients: A signal detection analysis of two-point discrimination.
Journal of Abnormal Psychology, 110(3), 433–442.
Chang, B. P., & Lenzenweger, M. F. (2004). Investigating graphesthesia task performance in the
biological relatives of schizophrenia patients. Schizophrenia Bulletin, 30(2), 327–34.
Chang, B. P., & Lenzenweger, M. F. (2005). Somatosensory processing and schizophrenia
liability: Proprioception, exteroceptive sensitivity, and graphesthesia performance in the
biological relatives of schizophrenia patients. Journal of Abnormal Psychology, 114(1), 85–
95.
Chapman, L. J., & Chapman, J. P. (1983). Infrequency Scale. Unpublished Manuscript.
Chen, W. J., Hsiao, C. K., & Lin, C. C. (1997). Schizotypy in community samples: The threefactor structure and correlation with sustained attention. Journal of Abnormal Psychology,
106(4), 649–54.
Chok, J. T., Kwapil, T. R., & Scheuermann, A. (2005). Dermatoglyphic anomalies in
psychometrically identified schizotypic young adults. Schizophrenia Research, 72(2-3),
205–214.

100
Claridge, G., McCreery, C., Mason, O., Bentall, R., Boyle, G., Slade, P., & Popplewell, D.
(1996). The factor structure of "schizotypal’ traits: A large replication study. The British
Journal of Clinical Psychology, 35 (Pt 1), 103–15.
Cohen, A. S., & Davis, T. E. (2009). Quality of life across the schizotypy spectrum: Findings
from a large nonclinical adult sample. Comprehensive Psychiatry, 50(5), 408–14.
Cohen, A. S., Matthews, R., Najolia, G. M., & Brown, L. (2010). Toward a more
psychometrically sound brief measure of schizotypal traits: Introducing the SPQ-Brief
Revised. Journal of Personality Disorders, 24(4), 516–37.
Cohen, A. S., & Matthews, R. (2010). Primary and secondary negative schizotypal traits in a
large non-clinical sample. Personality and Individual Differences, 49(5), 419–424.
Craig, J. C., & Johnson, K. O. (2000). The two-point threshold: Not a measure of tactile spatial
resolution. Current Directions in Psychological Science, 9(1), 29–32.
Cummins, H., & Midlo, C. (1943). Fingerprints, Palms, and Soles: An Introduction to
Dermatoglyphics. Philadelphia: The Blakiston Company.
Daly, M. P., Afroz, S., & Walder, D. J. (2012). The relationship of schizotypal traits with
cognitive functioning among nonclinical young adults. Psychiatry Research, 200(2-3), 63540.
Daly, M. P., Gooding, D. C., Jessen, H. M., & Auger, A. P. (2008). Indicators of developmental
deviance in individuals at risk for schizophrenia. Schizophrenia Research, 101(1-3), 152–
60.
Demjaha, A., Valmaggia, L., Stahl, D., Byrne, M., & McGuire, P. (2012). Disorganization/
cognitive and negative symptom dimensions in the at-risk mental state predict subsequent
transition to psychosis. Schizophrenia Bulletin, 38(2), 351–9.
Dillon, Y. K., Haynes, J., & Henneberg, M. (2001). The relationship of the number of Meissner’s
corpuscles to dermatoglyphic characters and finger size. Journal of Anatomical Studies,
199, 577–584.
Dinn, W. M., Harris, C. L., Aycicegi, A., Greene, P., & Andover, M. S. (2002). Positive and
negative schizotypy in a student sample: Neurocognitive and clinical correlates.
Schizophrenia Research, 56(1-2), 171–85.
Dinse, H. R. (2011). Brain plasticity and touch. In M. J. Hertenstein & S. J. Weiss (Eds.), The
Handbook of Touch: Neuroscience, Behavioral, and Health Perspectives (pp. 85–119). New
York: Springer Publishing Company.

101
Dinse, H. R., Ragert, P., Pleger, B., Schwenkreis, P., & Tegenthoff, M. (2003). Pharmacological
modulation of perceptual learning and associated cortical reorganization. Science,
301(5629), 91–4.
Doniger, G. M., Foxe, J. J., Murray, M. M., Higgins, B. a, & Javitt, D. C. (2002). Impaired visual
object recognition and dorsal/ventral stream interaction in schizophrenia. Archives of
General Psychiatry, 59(11), 1011–20.
Emsley, R. A., Oosthuizen, P. P., Joubert, A. F., Roberts, M. C., & Stein, D. J. (1999).
Depressive and anxiety symptoms in patients with schizophrenia and schizophreniform
disorder. Journal of Clinical Psychiatry, 60, 747–751.
Erdfelder, E. (1996). GPOWER  : A general power analysis program. Journal of Abnormal
Psychology, 28(1), 1–11.
Fatjó-Vilas, M., Gourion, D., Campanera, S., Mouaffak, F., Levy-Rueff, M., Navarro, M. E., et
al. (2008). New evidences of gene and environment interactions affecting prenatal
neurodevelopment in schizophrenia-spectrum disorders: A family dermatoglyphic study.
Schizophrenia Research, 103(1-3), 209–17.
Foussias, G., & Remington, G. (2010). Negative symptoms in schizophrenia: Avolition and
Occam’s razor. Schizophrenia Bulletin, 36(2), 359–69.
Friedman, T., Sehatpour, P., Dias, E., Perrin, M., & Javitt, D. C. (2011). Differential
relationships of mismatch negativity and visual P1 deficits to premorbid characteristics and
functional outcome in schizophrenia. Biological Psychiatry, 71(6), 521-9.
Gabalda, M. K., & Compton, M. T. (2010). Dermatoglyphic indices and minor physical
anomalies in patients with schizophrenia and related disorders, their first-degree biological
relatives, and non psychiatric controls. Psychiatry Research, 178(2), 255–9.
Gardner, E. P., & Kandel, E. R. (2000). Touch. In E. R. Kandel, J. H. Schwartz, & T. M. Jessell
(Eds.), Principles of Neural Science (Fourth., pp. 451–471). New York, NY: McGraw-Hill.
Garrido, M. I., Kilner, J. M., Stephan, K. E., & Friston, K. J. (2009). The mismatch negativity: A
review of underlying mechanisms. Clinical Neurophysiology, 120(3), 453–463.
Georgopoulos, a P., Whang, K., Georgopoulos, M. a, Tagaris, G. a, Amirikian, B., Richter, W.,
et al. (2001). Functional magnetic resonance imaging of visual object construction and
shape discrimination: Relations among task, hemispheric lateralization, and gender. Journal
of Cognitive Neuroscience, 13(1), 72–89.
Gerling, G. J., & Thomas, G. W. (2008). Fingerprint lines may not directly affect SA-I
mechanoreceptor response. Somatosensory & Motor Research, 25(1), 61–76.

102
Gooding, D. C., Tallent, K. a, & Matts, C. W. (2005). Clinical status of at-risk individuals 5
years later: Further validation of the psychometric high-risk strategy. Journal of Abnormal
Psychology, 114(1), 170–5.
Green, M. F. (2006). Cognitive impairment and functional outcome in schizophrenia and bipolar
disorder. Journal of Clinical Psychiatry, 67(suppl 9), 3–8.
Gruzelier, J., Burgess, a, Stygall, J., Irving, G., & Raine, a. (1995). Patterns of cognitive
asymmetry and syndromes of schizotypal personality. Psychiatry Research, 56(1), 71–9.
Heinrichs, R. W., & Zakzanis, K. K. (1998). Neurocognitive deficit in schizophrenia: A
quantitative review of the evidence. Neuropsychology, 12(3), 426–45.
Hertenstein, M. J., Verkamp, J. M., Kerestes, A. M., & Holmes, R. M. (2006). The
communicative functions of touch in humans, nonhuman primates, and rats: A review and
synthesis of the empirical research. Genetic, Social, and General Psychology Monographs,
132(1), 5–94.
Hoon, A. H., Stashinko, E. E., Nagae, L. M., Lin, D. D. M., Keller, J., Bastian, A., et al. (2009).
Sensory and motor deficits in children with cerebral palsy born preterm correlate with
diffusion tensor imaging abnormalities in thalamocortical pathways. Developmental
Medicine and Child Neurology, 51(9), 697–704.
Huang, M.-X., Lee, R. R., Gaa, K. M., Song, T., Harrington, D. L., Loh, C., et al. (2010).
Somatosensory system deficits in schizophrenia revealed by MEG during a median-nerve
oddball task. Brain Topography, 23(1), 82–104.
Iwasaki, T., Goto, N., Goto, J., Ezure, H., & Moriyama, H. (2003). The aging of human
Meissner’s Corpuscles as evidenced by parallel sectioning. Okajimas Folia Anat. Jpn.,
79(6), 185–190.
Jahshan, C., Cadenhead, K. S., Rissling, J., Kirihara, K., Braff, D. L., & Light, G. (2012).
Automatic sensory information processing abnormalities across the illness course of
schizophrenia. Psychological Medicine, 42(1), 85–97.
Javitt, D. C. (2009a). Sensory processing in schizophrenia: Neither simple nor intact.
Schizophrenia Bulletin, 35(6), 1059–64.
Javitt, D. C. (2009b). When doors of perception close: Bottom-up models of disrupted cognition
in schizophrenia. Annual Review of Clinical Psychology, 5, 249–75.
Javitt, D. C. (2010). Glutamatergic theories of schizophrenia. The Israel Journal of Psychiatry
and Related Sciences, 47(1), 4–16.

103
Javitt, D. C., Liederman, E., Cienfuegos, A., & Shelley, A. M. (1999). Panmodal processing
imprecision as a basis for dysfunction of transient memory storage systems in
schizophrenia. Schizophrenia Bulletin, 25(4), 763–75.
Javitt, D. C., Shelley, A., & Ritter, W. (2000). Associated deficits in mismatch negativity
generation and tone matching in schizophrenia. Clinical Neurophysiology: Official Journal
of the International Federation of Clinical Neurophysiology, 111(10), 1733–7.
Javitt, D. C., Steinschneider, M., Schroeder, C. E., & Arezzo, J. C. (1996). Role of cortical Nmethyl-D-aspartate receptors in auditory sensory memory and mismatch negativity
generation: Implications for schizophrenia. Proceedings of the National Academy of
Sciences of the United States of America, 93(21), 11962–7.
Jessen, F., Fries, T., Kucharski, C., Nishimura, T., Hoenig, K., Maier, W., et al. (2001).
Amplitude reduction of the mismatch negativity in first-degree relatives of patients with
schizophrenia. Neuroscience Letters, 309(3), 185–8.
Johnson, K. O. (2001). The roles and functions of cutaneous mechanoreceptors. Current Opinion
in Neurobiology, 11(4), 455–61.
Johnson, K. O., & Phillips, J. R. (1981). Tactile spatial resoluation I: Two-point discrimination,
gap detection, grating resolution, and letter recognition. Journal of Neurophysiology, 46,
1177–1191.
Kalisch, T., Ragert, P., Schwenkreis, P., Dinse, H. R., & Tegenthoff, M. (2009). Impaired tactile
acuity in old age is accompanied by enlarged hand representations in somatosensory cortex.
Cerebral Cortex, 19(7), 1530–8.
Kantrowitz, J. T., & Javitt, D. C. (2010). Thinking glutamatergically: Changing concepts of
schizophrenia based upon changing neurochemical models. Clinical Schizophrenia &
Related Psychoses, 4(3), 189–200.
Kegeles, L. S., Abi-Dargham, A., Zea-Ponce, Y., Rodenhiser-Hill, J., Mann, J. J., Van Heertum,
R. L., et al. (2000). Modulation of amphetamine-induced striatal dopamine release by
ketamine in humans: Implications for schizophrenia. Biological Psychiatry, 48(7), 627–40.
Keshavan, M. S., Tandon, R., Boutros, N. N., & Nasrallah, H. (2008). Schizophrenia, “just the
facts”: What we know in 2008 Part 3: Neurobiology. Schizophrenia Research, 106(2-3),
89–107.
Knecht, S., Kunesch, E., & Schnitzler, A. (1996). Parallel and serial processing of haptic
information in man: Effects of parietal lesions on sensorimotor hand function.
Neuropsychologia, 34(7), 669–87.
Koenig, J. I. (2006). Schizophrenia: A unique translational opportunity in behavioral
neuroendocrinology. Hormones and Behavior, 50(4), 602–11.

104
Koziol, L. F., Budding, D. E., & Chidekel, D. (2011). Sensory integration, sensory processing,
and sensory modulation disorders: Putative functional neuroanatomic underpinnings.
Cerebellum, 10(4), 770-92.
Kwapil, T. R. (1998). Social anhedonia as a predictor of the development of schizophreniaspectrum disorders. Journal of Abnormal Psychology, 107, 558–565.
Leitman, D. I., Hoptman, M. J., Foxe, J. J., Saccente, E., Wylie, G. R., Nierenberg, J., et al.
(2007). The neural substrates of impaired prosodic detection in schizophrenia and its
sensorial antecedents. The American Journal of Psychiatry, 164(3), 474–82.
Lencz, T., Smith, C. W., McLaughlin, D., Auther, A., Nakayama, E., Hovey, L., & Cornblatt, B.
(2006). Generalized and specific neurocognitive deficits in prodromal schizophrenia.
Biological Psychiatry, 59(9), 863–71.
Lenzenweger, M. F. (2000). Two-point discrimination thresholds and schizotypy: Illuminating a
somatosensory dysfunction. Schizophrenia Research, 42(2), 111–24.
Lenzenweger, M. F. (2006). Schizotaxia, schizotypy, and schizophrenia: Paul E. Meehl’s
blueprint for the experimental psychopathology and genetics of schizophrenia. Journal of
Abnormal Psychology, 115(2), 195–200.
Lewandowski, K. E., Barrantes-Vidal, N., Nelson-Gray, R. O., Clancy, C., Kepley, H. O., &
Kwapil, T. R. (2006). Anxiety and depression symptoms in psychometrically identified
schizotypy. Schizophrenia Research, 83(2-3), 225–35.
Libouton, X., Barbier, O., Plaghki, L., & Thonnard, J.-L. (2010). Tactile roughness
discrimination threshold is unrelated to tactile spatial acuity. Behavioural Brain Research,
208(2), 473–478.
Light, G., & Braff, D. L. (2005). Stability of mismatch negativity deficits and their relationship
to functional impairments in chronic schizophrenia. The American Journal of Psychiatry,
162(9), 1741–3.
Lindgren, M., Manninen, M., Laajasalo, T., Mustonen, U., Kalska, H., Suvisaari, J., et al. (2010).
The relationship between psychotic-like symptoms and neurocognitive performance in a
general adolescent psychiatric sample. Schizophrenia Research, 123(1), 77–85.
Loesch, D., & Martin, N. (1984). Finger ridge patterns and tactile sensitivity. Annals of Human
Biology, 11(2), 113–124.
Loesch, D. Z., & Martin, N. G. (1984). Relationships between minute characteristics of finger
ridges and pattern size and shape. Annals of Human Biology, 11(2), 125–132.
Loomis, J. M. (1990). A model of character recognition and legibility. Journal of Experimental
Psychology. Human Perception and Performance, 16(1), 106–20.

105
Loomis, J. M., & Barbara, S. (1981). On the tangibility of letters and braille. Perception &
Psychophysics, 29(1), 37–46.
Lovibond, S. H., & Lovibond, P. F. (1995). Manual for the Depression Anxiety Stress Scales
(2nd ed.). Sydney: Psychology Foundation.
Lysaker, P. H., Bell, M. D., Bioty, S. M., & Zito, W. S. (1995). The frequency of associations
between positive and negative symptoms and dysphoria in schizophrenia. Comprehensive
Psychiatry, 36(2), 113–7.
Manning, H., & Tremblay, F. (2006). Age differences in tactile pattern recognition at the
fingertip. Somatosensory & Motor Research, 23(3-4), 147–155.
Master, S., Larue, M., & Tremblay, F. (2010). Characterization of human tactile pattern
recognition performance at different ages. Somatosensory & Motor Research, 27(2), 60–7.
Meehl, P. E. (1962). Schizotaxia, schizotypy, schizophrenia. American Psychologist, 17(12),
827–838.
Meehl, P. E. (1972). Prospects for research on schizophrenia II. Clinical issues: Classical
symptoms of schizophrenia. Neurosciences Research Program Bulletin, 10(4), 377–380.
Meehl, P. E. (1990). Toward an integrated theory of schizotaxia, schizotypy, and schizophrenia.
Journal of Personality, 4, 1–99.
Michie, P. T., Innes-Brown, H., Todd, J., & Jablensky, A. V. (2002). Duration mismatch
negativity in biological relatives of patients with schizophrenia spectrum disorders.
Biological Psychiatry, 52(7), 749–58.
Miller, T. J., McGlashan, T. H., Rosen, J. L., Cadenhead, K., Cannon, T., Ventura, J., et al.
(2003). Prodromal assessment with the structured interview for prodromal syndromes and
the scale of prodromal symptoms: Predictive validity, interrater reliability, and training to
reliability. Schizophrenia Bulletin, 29(4), 703–15.
Mittal, V., Walker, E. F., Bearden, C. E., Walder, D., Trottman, H., Daley, M., et al. (2010).
Markers of basal ganglia dysfunction and conversion to psychosis: Neurocognitive deficits
and dyskinesias in the prodromal period. Biological Psychiatry, 68(1), 93–9.
Mittal, V. A., & Walker, E. F. (2009). Movement abnormalities: A putative biomarker of risk for
psychosis. In M. S. Ritsner (Ed.), The Handbook of Neuropsychiatric Biomarkers,
Endophenotypes and Genes (pp. 239–258). Springer Science + Business Media.
Montagu, A. (1986). Touching: The Human Significance of the Skin. New York, NY: Perennial
Library.

106
Murray, R. M., Jones, P. B., O’Callaghan, E., & Takei, N. (1992). Genes, viruses and
neurodevelopmental schizophrenia. Journal of Psychiatric Research, 26(4), 225-35.
Norra, C., Waberski, T. D., Kawohl, W., Kunert, H. J., Hock, D., Gobbelé, R., et al. (2004).
High-frequency somatosensory thalamocortical oscillations and psychopathology in
schizophrenia. Neuropsychobiology, 49(2), 71–80.
Nuevo, R., Chatterji, S., Verdes, E., Naidoo, N., Arango, C., & Ayuso-Mateos, J. L. (2010). The
continuum of psychotic symptoms in the general population: A cross-national study.
Schizophrenia Bulletin, 1–11.
Osborne, J. W. (2010). Improving your data transformations: Applying the Box-Cox
transformation. Practical Assessment, Research & Evaluation, 15(12).
Perälä, J., Suvisaari, J., Saarni, S. I., Kuoppasalmi, K., Isometsä, E., Pirkola, S., et al. (2007).
Lifetime prevalence of psychotic and bipolar I disorders in a general population. Archives of
General Psychiatry, 64(1), 19–28.
Peters, R. M., Hackeman, E., & Goldreich, D. (2009). Diminutive digits discern delicate details:
Fingertip size and the sex difference in tactile spatial acuity. The Journal of Neuroscience,
29(50), 15756–61.
Phillips, J. R., Johansson, R. S., & Johnson, K. O. (1992). Responses of human
mechanoreceptive arrays scanned across fingerpad skin. Journal of Neuroscience, 12, 827–
839.
Phillips, J. R., Johnson, K. O., & Browne, H. M. (1983). A comparison of visual and two modes
of tactual letter resolution. Perception & Psychophysics, 34(3), 243–249.
Phillips, J. R., Johnson, K. O., & Hsiao, S. S. (1988). Spatial pattern representation and
transformation in monkey somatosensory cortex. Proceedings of the National Academy of
Sciences of the United States of America, 85(4), 1317–21.
Raine, A. (1991). The SPQ: a scale for the assessment of schizotypal personality based on DSMIII-R criteria. Schizophrenia Bulletin, 17(4), 555–64.
Raine, A. (2006). Schizotypal personality: neurodevelopmental and psychosocial trajectories.
Annual Review of Clinical Psychology, 2, 291–326.
Raine, A., Reynolds, C., Lencz, T., Scerbo, A., Triphon, N., & Kim, D. (1994). Cognitiveperceptual, interpersonal, and disorganized features of schizotypal personality.
Schizophrenia Bulletin, 20(1), 191–201.
Rapoport, J. L., Addington, a M., Frangou, S., & Psych, M. R. C. (2005). The
neurodevelopmental model of schizophrenia: Update 2005. Molecular Psychiatry, 10(5),
434–49.

107
Reite, M., Teale, P., Rojas, D. C., Benkers, T. L., & Carlson, J. (2003a). Anomalous
somatosensory cortical localization in schizophrenia. American Journal of Psychiatry, 160,
2148–2153.
Reite, M., Teale, P., Rojas, D. C., Benkers, T. L., & Carlson, J. (2003b). Anomalous
somatosensory cortical localization in schizophrenia. American Journal of Psychiatry,
160(December), 2148–2153.
Reynolds, C., Raine, A, Mellingen, K., Venables, P. H., & Mednick, S. (2000). Three-factor
model of schizotypal personality: Invariance across culture, gender, religious affiliation,
family adversity, and psychopathology. Schizophrenia Bulletin, 26(3), 603–18.
Rivner, M. H., Swift, T. R., & Malik, K. (2001). Influence of age and height on nerve
conduction. Muscle & Nerve, 24(9), 1134–41.
Rosenthal, D. (1970). Genetic Theory and Abnormal Behavior. New York, NY: McGraw-Hill.
Saha, S., Chant, D., Welham, J., & McGrath, J. (2005). A systematic review of the prevalence of
schizophrenia. PLoS Medicine, 2(5), e141.
Scheibert, J., Leurent, S., Prevost, A., & Debrégeas, G. (2009). The role of fingerprints in the
coding of tactile information probed with a biomimetic sensor. Science, 323(5920), 1503–6.
Semmes, J. (1965). A non-tactual factor in astereognosis. Neuropsychologia, 3, 295–315.
Sergent, J. (1982). The cerebral balance of power: confrontation or cooperation? Journal of
Experimental Psychology. Human Perception and Performance, 8(2), 253–72.
Smith, G. S., Schloesser, R., Brodie, J. D., Dewey, S. L., Logan, J., Vitkun, S., et al. (1998).
Glutamate modulation of dopamine measured in vivo with positron emission tomography
(PET) and 11C-raclopride in normal human subjects. Neuropsychopharmacology, 18(1),
18–25.
Stevens, J., & Patterson, M. (1995). Dimensions of spatial acuity in the touch sense: Changes
over the life span. Somatosensory and Motor Research, 12(1), 29–47.
Stilla, R., Deshpande, G., LaConte, S., Hu, X., & Sathian, K. (2007). Posteromedial parietal
cortical activity and inputs predict tactile spatial acuity. The Journal of Neuroscience,
27(41), 11091–11102.
Stilo, S. A., & Murray, R. M. (2010). The epidemiology of schizophrenia: Replacing dogma with
knowledge. Dialogues in Clinical Neuroscience, 12, 305–315.
Stone, J. M., Morrison, P. D., & Pilowsky, L. S. (2007). Glutamate and dopamine dysregulation
in schizophrenia - A synthesis and selective review. Journal of Psychopharmacology, 21,
440–452.

108
Tandon, R., Nasrallah, H. a, & Keshavan, M. S. (2009). Schizophrenia, “just the facts” 4.
Clinical features and conceptualization. Schizophrenia Research, 110(1-3), 1–23.
Toomey, R., Faraone, S. V, Simpson, J. C., & Tsuang, M. T. (1998). Negative, positive, and
disorganized symptom dimensions in schizophrenia, major depression, and bipolar disorder.
The Journal of Nervous and Mental Disease, 186, 470–476.
Torrey, E. F., Miller, J., Rawlings, R., & Yolken, R. H. (1997). Seasonality of births in
schizophrenia and bipolar disorder: A review of the literature. Schizophrenia Research,
28(1), 1–38.
Tremblay, F., Backman, A., Cuenco, A., Vant, K., & Wassef, M. a. (2000). Assessment of
spatial acuity at the fingertip with grating (JVP) domes: validity for use in an elderly
population. Somatosensory & Motor Research, 17(1), 61–6.
Trotman, H., McMillan, A., & Walker, E. (2006). Cognitive function and symptoms in
adolescents with schizotypal personality disorder. Schizophrenia Bulletin, 32(3), 489–97.
Turetsky, B. I., Hahn, C.-G., Borgmann-Winter, K., & Moberg, P. J. (2009). Scents and
nonsense: Olfactory dysfunction in schizophrenia. Schizophrenia Bulletin, 35(6), 1117–31.
Umbricht, D., & Krljes, S. (2005). Mismatch negativity in schizophrenia: A meta-analysis.
Schizophrenia Research, 76(1), 1–23.
Valeriani, M., Ranghi, F., & Giaquinto, S. (2003). The effects of aging on selective attention to
touch: A reduced inhibitory control in elderly subjects? International Journal of
Psychophysiology, 49(1), 75–87.
Van Boven, R. W., Ingeholm, J. E., Beauchamp, M. S., Bikle, P. C., & Ungerleider, L. G.
(2005). Tactile form and location processing in the human brain. Proceedings of the
National Academy of Sciences of the United States of America, 102(35), 12601–5.
Van Oel, C. J., Baare, W. F. C., Hulshoff Pol, H. E., Haag, J., Balazs, J., Dingemans, A., et al.
(2001). Differentiating between low and high susceptibility to schizophrenia in twins: The
significance of dermatoglyphic indices in relation to other determinants of brain
development. Schizophrenia Research, 52, 181–193.
Van Os, J., Linscott, R. J., Myin-Germeys, I., Delespaul, P., & Krabbendam, L. (2009). A
systematic review and meta-analysis of the psychosis continuum: Evidence for a psychosis
proneness-persistence-impairment model of psychotic disorder. Psychological Medicine,
39(2), 179–95.
Vega-Bermudez, F., Johnson, K. O., & Hsiao, S. S. (1991a). Human tactile pattern recognition:
Active versus passive touch, velocity effects, and patterns of confusion. Journal of
Neurophysiology, 65, 531–546.

109
Vega-Bermudez, F., Johnson, K. O., & Hsiao, S. S. (1991b). Human tactile pattern recognition:
Active versus passive touch, velocity effects, and patterns of confusion. Journal of
Neurophysiology, 65(3), 531–546.
Vollema, M. G., & Hoijtink, H. (2000). The multidimensionality of self-report schizotypy in a
psychiatric population: An analysis using multidimensional Rasch models. Schizophrenia
Bulletin, 26(3), 565–75.
Waddington, J. L., Lane, A., Scully, P., Meagher, D., Quinn, J., Larkin, C., & O’Callaghan, E.
(1999). Early cerebro-craniofacial dysmorphogenesis in schizophrenia: A lifetime trajectory
model from neurodevelopmental basis to “neuroprogressive” process. Journal of
Psychiatric Research, 33(6), 477–89.
Walker, E. F., & Diforio, D. (1997). Schizophrenia: A neural diathesis-stress model.
Psychological Review, 104(4), 667–85.
Walker, E. F., Savoie, T., & Davis, D. (1994). Neuromotor precursors of schizophrenia.
Schizophrenia Bulletin, 20(3), 441–451.
Walker, E., Kestler, L., Bollini, A., & Hochman, K. M. (2004). Schizophrenia: Etiology and
course. Annual Review of Psychology, 55, 401–30.
Weinberger, D. R. (1987). Implications of normal brain development for the pathogenesis of
schizophrenia. Archives of General Psychiatry, 44, 660–669.
Welberg, L. a, & Seckl, J. R. (2001). Prenatal stress, glucocorticoids and the programming of the
brain. Journal of Neuroendocrinology, 13(2), 113–28.
White, T. P., Francis, S. T., Joseph, V., O’Regan, E., Head, K. E., Liddle, P. F., & Regan, E. O.
(2009). Evidence for reduced somatosensory lateralisation and focalisation in
schizophrenia. Psychiatry Research, 174(1), 24–31.
Wickremaratchi, M. M., & Llewelyn, J. G. (2006). Effects of ageing on touch. Postgraduate
Medical Journal, 82(967), 301–304.
Woods, S. W., Addington, J., Cadenhead, K. S., Cannon, T. D., Cornblatt, B. a, Heinssen, R., et
al. (2009). Validity of the prodromal risk syndrome for first psychosis: Findings from the
North American Prodrome Longitudinal Study. Schizophrenia Bulletin, 35(5), 894–908.
Woodward, N. D., Karbasforoushan, H., & Heckers, S. (2012). Thalamocortical dysconnectivity
in schizophrenia. American Journal of Psychiatry, 169(October), 1092–1099.
Wuthrich, V., & Bates, T. C. (2005). Reliability and validity of two Likert versions of the
Schizotypal Personality Questionnaire (SPQ). Personality and Individual Differences,
38(7), 1543–1548.

110
Wuthrich, V. M., & Bates, T. C. (2006). Confirmatory factor analysis of the three-factor
structure of the schizotypal personality questionnaire and Chapman schizotypy scales.
Journal of Personality Assessment, 87(3), 292–304.
Wynn, J. K., Sugar, C., Horan, W. P., Kern, R., & Green, M. F. (2010). Mismatch negativity,
social cognition, and functioning in schizophrenia patients. Biological Psychiatry, 67(10),
940–7.
Yeap, S., Kelly, S. P., Sehatpour, P., Magno, E., Javitt, D. C., Garavan, H., et al. (2006). Early
visual sensory deficits as endophenotypes for schizophrenia. Archives of General
Psychiatry, 63, 1180–1188.
Yung, A.R., & McGorry, P. D. (1996). The prodromal phase of first-episode psychosis: Past and
current conceptualizations. Schizophrenia Bulletin, 22(2), 353–70.
Yung, A. R., Phillips, L. J., Yuen, H. P., & McGorry, P. D. (2004). Risk factors for psychosis in
an ultra high-risk group: Psychopathology and clinical features. Schizophrenia Research,
67(2-3), 131–42.
Zhou, S.-Y., Suzuki, M., Takahashi, T., Hagino, H., Kawasaki, Y., Matsui, M., et al. (2007).
Parietal lobe volume deficits in schizophrenia spectrum disorders. Schizophrenia Research,
89(1-3), 35–48.
Zwislocki, J. J., & Relkin, E. M. (2001). On a psychophysical transformed-rule up and down
method converging on a 75% level of correct responses. Proceedings of the National
Academy of Sciences of the United States of America, 98(8), 4811–4.

